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PRODUCT SELECTION GUIDE 
Gate Arrays | 


156 ee 
ees ee 180 


ize: ‘zati p: alt enti 
56 


H3104 4096 512x8 | 500ns | 104 cycles 10 yrs. @ 125°C 
H3108 1024x8 | 500 ns | 10* cycles 10 yrs. @ 125°C 
H3300 550 ns 


L_HB3108__ | 8192 | 1024x8 | 700ns | 4—6v 10* cycles 10 yrs. @ 125°C 


Nonvolatile RAM eer tae 


or 


_H3500 | 256 | 64x4 | 300ns | 5V_ | 10ms | tus |__—*10* cycles 10 yrs. @ 125°C 


CMOS LCD Drivers _ 


ype or prive ap tage 
0437 4 Bit BCD 28 Segments (4 x 7) 3 —10V Yes 


H7211-1 Direct Segment 4 Bit Multiplexed Hexidecimal 28 Bits 3 — 6V 
28 Segments (4 x 7) 

H7211-2 Direct Segment 4 Bit Multiplexed Code B 28 Bits 3 — 6V 
28 Segments (4 x 7) 


H7211-3 Direct Segment 4 Digit Select Hexidecimal 28 Bits 3 — 6V 
Microprocessor Interface 28 Segments (4 x 7) 

H7211-4 Direct Segment 4 Digit Select Code B 28 Bits 3 — 6V 
Microprocessor Interface 28 Segments (4 x 7) 


Serial 32 Rows or 32 Columns 31 Bits 
om 
Serial Y 
4Rowsx30Columns | 34Bits | 3—12v | Y 


H0515 Multiplexed/ Serial 8 Rows x 25 Columns 32 Bits 5 — 10V Yes 
Auto-Refresh 
H0550 Multiplexed/ 8 Bit Parallel/ASCIl 8 Rows x 12 Columns 32 Char 3— 10V Yes 
Auto-Refresh  _ 
HO551 Multiplexed/ Serial _ 34 Columns 34 Bits 3— 10V 
Auto-Refresh . . . 


Yes 
HM0438A Direct Segment 1 Bit Serial 32 Segments | 32 Bits | 3 — 10V — Yes 


Y 
Y 
Y 
Y 
Y 
Y 
Y 
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PRODUCT SELECTION GUIDE 
oMO> ROMS 


to ‘Access Time | Pee Me ee eo, BA eae oe 

. (Typ) Temperature Range si Supply Voltage | 
Bvt -. Ceramic. | Plastic ——_| Low Voltage | High Voltage 

H1831__ | 4096 | 512x8_ | 850ns | 400ns_ | —55 to +125°C 

H1g32_ | 4096 | 512x8 | 850ns | 400ns_| 

H1833 


H1834 

H1835 

H23C16 

H1837 | — | —55 to +125°C 

H23C32 | = — | —55 to +125°C 

H23C64 |  — | —55 to +125°C 
| 400ns 


H23C65 —55 to +125°C 
HM1831_ | 4096 | 512x8 | 850ns | —55 to +125°C 
HM1833_| 8197 | 1024x8 | 650ns_| 350ns_| 85 to +125°C 
CMOS RA 


e ee ae ae “Access Time pe ed ney a =e 
| nS gh (Typ) | Temperature Range _|___ Supply Voltage 
H1822 
H1823 


H1824 256 _ 
1800 Microprocessor Family 


H1802A —55 to +125°C 
H1802B CPU — 8 Bit Parallel with 5 MHz clock @ 5V. —55 to +125°C | —40 to +85°C 4—6.5V 


H1822 RAM — 256 x 4 (1024) with a typ. access time —§5 to +125°C | —40 to +85°C 4— 6.5V 

=. 2 of 250 ns @ BV. 

~ H1823 RAM — 128 x 8 (1024) with a typ. access time —55 to +125°C | —40 to +85°C 4—6.5V 

of 250 ns @ 5V. 

H1824 RAM — 32 x 8 (256) with a typ. access time of —55 to +125°C | —40 to +85°C 4— 6.5V 4— 10.5V 
400 ns @ 5V/200 ns @ 10V. 

H1831 ROM — 512 x 8 (4096) with a typ. access time of —55 to +125°C | 40 to +85°C 4 — 6.5V 4— 10.5V 
850 ns @ 5V/400 ns @ 10V. 

H1832 ROM — 512 x 8 (4096) with a typ. access time of —55 to +125°C 4—6.5V 4— 10.5V 
850 ns @ 5V/400 ns @ 10V. 

H1833 ROM — 1024 x 8 (8192) with a typ. access time —55 to +125°C | —40 to +85°C 4— 6.5V 4— 10.5V 
of 575 ns @ 5V/350 ns @ 10V. 

H1834 ROM — 1024 x 8 (8192) with a typ. access time of —55 to +125°C 4—6.5V 4— 10.5V 
575 ns @ 5V/350 ns @ 10V. 

H1835 ROM — 2048 x 8 (16384) with a typ. access time —55 to +125°C | —40 to +85°C 4—6.5V 
of 900 ns @ 5V/500 ns @ 10V. 

H1837 ROM — 4096 x 8 (32768) with a typ. access time —§5 to +125°C | —40 to +85°C 4—6.5V 
of 750 ns @ 5V/450 ns @ 10V. 

H1852 INPUT/OUTPUT PORT — 8 Bit Parallel with —55 to +125°C | —40 to +85°C 4—6.5V 4— 10.5V 
mode programmable 3-state data bus. 

H1853 N-BIT DECODER — 1 of 8 Decoder for I/O —55 to +125°C | —40 to +85°C 4—6.5V 4— 10.5V 
Expansion. 

Cc 


CPU — 8 Bit Parallel with 3.2 MHz clock @ 5V. OV 


= 


H1854A UART — Full duplex organization with serial/ —§5 to +125°C | —40 to +85°C 4—6.5V 4— 10.5V 
parallel inputs/outputs. 
MULTIPLY/DIVIDE — 8 x 8 Multiply of —55 to +125°C + | —40 to +85°C 4— 6.5V 4— 10.5V 

16 — 8 Divide with bi-directional 3-state data bus. 

H1856/57 BUFFER/SEPARATOR — 4 Bit with —55 to +125°C | —40 to +85° 4— 6.5V 4— 10.5V 
bi-directional 3-state data bus. 


H1855 


H1858/59 LATCH/DECODER — 4 Bit Memory Address —55 to +125°C | —40 to +85°C 16 
to select 1K RAMS. 

HM1831 ROM — 128 x 8 (1024) processed to Mil. Std. 883B. | —55 to +125°C = | 24 | 

HM1833 ROM — 1024 x 8 (8192) processed to Mil. Std. 883B. | —55 to +125°C a 4—6.5V 4—105v | 24 
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MICROPROCESSOR/ PERIPHERALS 


H1802A/B 
8 Bit CPU 
ieee MK 386K 8212 
8 Bit |/O Port 
H1853 
N-Bit Decoder 
H1854A AY-3- 
HD6402 
UART [|_| A58 froie| | 
H1855 
Multiply/ Divide 
H1856 
Bus Separator Buffer 


| cpP 
INSB212 | Yano 


CDP 
1853 


CDP 
1854A TR 1602A 


CDP 
1855 


CDP 
1856 


CDP 
1857 


H1857 
Bus Separator Buffer 


H1858 
Latch/Decoder 


CDP 
1859 


H1859 
Latch/Decoder 


NONVOLATILE MEMORIES/CMOS MEMORIES 


H1822C HM IM MM2101 CDP SLM TC 
H1823C Mc6810A | beep 
128 x 4 RAM 


H1824 
32 x 8 RAM 


H1831/32 MK2500P eae. 6 Rewieyel LODE SNXXS474 
MK2600 1831/32 SNXXS475 

512 x 8 ROM 5232/33 

H1833/34 MCM65308 CDP 

1024 x 8 ROM 1833/34 


H1835 


2048 x 8 ROM 


H1837 
4096 x 8 ROM 


H23C16 
2048 x 8 ROM 


H23C032 
4096 x 8 ROM 


H23C64 
8192 x 8 ROM 


H3104 
512 x 8 E2PROM 


H3108 
1024 x 8 E2PROM 


H3300 
32 x 8 E2PROM 


H3500 X2210 
64 x 4 NOV RAM 
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LCD DRIVERS 


"HUGHES P/N 


H0437 
4 DIGIT DRIVER 


H7211-1 
4 Digit Driver 


H7211-2 
4 Digit Driver 


H7211-3 7211MIPL 
4 Digit Driver 
Be 7211 AMIPL 
4 Digit Driver 


H0438A 
Serial Input Driver 


H0488 
Parallel Input Driver 


H0538A/0539A 
Serial Input Drivers 


HO540 


Serial input Driver 


H0541 /0542 
Parallel Input Drivers 


H0548 
Serial Input Driver 


H0515 
Auto Refresh Driver 


HO0550/0551 
intelligent Controller 


HO607A 
Serial Input Driver 
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HUGHES SOLID STATE PRODUCTS 


ORDERING INFORMATION/NOMENCLATURE . 


STATUS NOTICES 
Preliminary Information: indicates guidance values for evaluation purposes. Some electrical parameters are 


subject to change. 
Advance Information: indicates design objectives. Some functional characteristics are subject to change. 


NOMENCLATURE 


Hughes is in the process of re-defining our nomenclature. For more detailed information, contact Hughes or 
Hughes’ representatives. 


H M 23C64 Cc L 000 


i TYPE 


PACKAGES 
VARIABLE MODIFIER 
DEVICE NUMBER 
PRODUCT FLOW 


HUGHES 


Example 


HM 23C64-C-L-000 = Hughes Military 23C64, 4-6.5 voltage range, in aleadless chip carrier package, standard 
device. 


Product Type Packages Product Flow 
000 = Standard Product L =Leadless Chip Carrier C = Commercial 
XYZ = Custom Product* D = Ceramic Dip | = Industrial 
H = Devices in Chip Form B = Hi Reliability 
Variable Modifier* P = Plastic Dip M = Military 
One character modifier for Y = Cerdip S = Special* 
speed, power, processing, 
etc. 


* For detailed information, contact Hughes’ Customer Service. 
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H UGHES |= SOLID STATE PRODUCTS Quad Logic Arrays 


HCMOS Configurable Gate Arrays 


DESCRIPTION 


Hughes’ Quad Logic® Array family of Configurable Gate Arrays utilize an oxide-isolated, double metal 
HCMOS process. The devices range in complexity from 2,000 to 8,000 gates. 


The basic Quad Logic cell is a four gate equivalent, consisting of 10 n-channel and 10 p-channel transistors 
arranged as two back-to-back 2-input and 3-input gate equivalents (see figure below). This architecture, 
combined with double layer metal interconnections, minimizes the number of gates necessary to implement 
macro functions and ensures efficient interconnection and routing. 


The Quad Logic Array family is fully supported by Hughes Design Automation software tools which include an 
extensive macro function library, logic capture, simulation and verification tools, testability analysis and fault 
modeling. Hughes’ proprietary Gate Array Layout Automation system (GALA) allows for automatic placement 
of macros and routing of the interconnection patterns. The HCMOS process provides switching speeds 
exceeding that of Schottky/TTL while providing low power consumption, high noise immunity, and ease of 
design. 


The Quad Logic Array family is available in a variety of ceramic and plastic DIPs, isadibes chip carriers and pin 
grid arrays. See page 5 for more details. 


FEATURES = 

@ High Performance 3p HCMOS @ Extensive Macro Library Available 
Silicon Gate Technology © Two Levels of 

@ TTL and CMOS I/O Compatibility Metal Interconnection 

@ Output Buffer Options Provide Drive Currents @ Propagation Delays of 1.4 Nanoseconds 
of up to 16 mA and Data Rates up to 35 MHz 


@ Standard Process is MIL. STD. 883 
@ Upto 1721/O Buffers Available 


@ P Channel and N Channel Sizes for 
Symmetrical Switching (Wp = 2Wn) 


Quad Logic Array Family 7 a Quad Cell Schematic 


Number of Gates | 
Total Pads 
al O Pads 


GING OPTIONS 


Pin Grid Array 


Fiat Pack 


* In development 


ABSOLUTE MAXIMUM RATINGS. “ Hs | 7 : NOTE: Stresses above those listed under 
(Referenced to Ground) : - | | “Absolute Maximum Ratings” may cause 
DC Supply-Voltage Range (Vpp) ....... — 0.3 to + 7.5 Volts | _ spermanent damage-10 Wie device: Nsiis:2 
Input Voltage (VI) ....--ssceceseeeeeees — 0.3 Volts to (Vpp + 0.3) Volts stress Falng only and wncuonarepetatonal 
DC Input BUREAU Wi eliiae tear anaes ere - | the device at these or any other conditions 
| eae “ above those indicated in the operational 
Storage Temperature Range (TSTG) sections of this specification is not implied. 


Ceramic eevee wee i aa 65 to + 150°C e . Exposure to absolute maximum rating condi- 
PlIASUG 34.200 s3an ewes ee eee YR Oee — 40 to+ 125°C tions for extended periods may affect device: 
reliability. 


RECOMMENDED OPERATING CONDITIONS 
Operating Ambient Temperature Range (TA) 


MIDAIY! sea oii a Saal aha ROS a ars rate en — §5 to+ 125°C 

INGUSUFIAL -ohccu tomes eatetasieees — 40 to + 85°C 

COMMECNCial o3 cisensseekate hed soe os 0 to + 70°C 
DC Supply Voltage (Vpp) .............. +3 to +6 Volts 


D.C. CHARACTERISTICS, Specified at Vpp = 5V + 10% (referenced to Ground), Ta =— 55 to + 125°C 


Low Level Input Voltage 
TTL Inputs 


CMOS Inputs 


High level Input Voltage 
TTL Inputs 


CMOS Inputs 

Input Current CMOS, TTL Inputs 

Inputs with pull-down resistors 

~ CMOS Inputs VIN = 0.4V 
TTL Inputs & Inputs with Pull-Up Resistors Vin = 0.4V 


High Level Output Voltage 
Type T1 IOH = 1.6 mA 


Type T2. lOH = 3.2 mA 
Type T3 IOH = 4.8 mA 
Low Level Output Range 


Type T2 


Three-Siate Output Leakage Gurren Von = *V or GND 


Output Short Circuit Current 90 
a ae 
input Capacitance 


een! ee 


NAND, 3- Input 
NOR, 2- Input 


NOR, 3- Input 


D Flip/Flop 


14 


Quad Logic Arrays 


Output, T3 


DESIGN AUTOMATION 


The heart of Quad Logic Array implementation is the well-documented macro library. The figure below depicts the parallel 
paths for LSI and macro developments. 


Each developmental step is supported by the software indicated and the designer may choose to enter the development 


cycle at any step as long as the data bases are compatible. New macros are continuously being added to the library and are 
available for general use after verification and simulation. 


MACRO DESIGN 


DESIGN 
CAPTURE 


VERIFICATION & SIMULATION 


MACRO LIBRARY 


PHOTO 
MASKS 


»> 


DESIGN 
CAPTURE > 


SIMULATION 


PLACEMENT 
& TEST GEN. 


& ROUTING 


TIMING 
VERIFICATION 


HCMOS LSI! DESIGN 
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POWER DISSIPATION ESTIMATES 


The most important elements of power dissipation in HCMOS circuits are the charging and discharging of circuit 
capacitances and output loading. Power dissipation due to leakage currents and ewhcing ovenee currents are @ normally 
negligible over.the standard logic operating conditions. | — . 7 
The capacitive switching power is equivalent to P = {CV where P = power dissipation: f = switching frequency, 
C = capacitance being switched, and V = the voltage change across the capacitance. The following guide can be used for 
initial estimation of power dissipation of the Quad Logic Array family. 


1. Equivalent gate dissipation Pg = 0.016 mW/MHz 
(2-input NAND with fanout = 2 and 2 mm of interconnect) 


2. Output Dissi pation 
Type _mMW/MHz/pf 
T1 0.026 
T2 — 0.0265 
T3 | 0.027 


Example for Power Dissipation Estimation 
1. Internal logic dissipation: | 
a) No. of equivalent gates utilized _ 6,500 


b) Percent switching each cycle 15% 
c) No. of gates switching each cycle 975 
d) Power per gate/MHz 0.016 mW/MHz 


Total internal logic dissipation = 15.6 mW/MHz 


2. Output power dissipation: 


a) No. of T3 outputs utilized 72 

b) Output load capacitance (avg) 50 pF 

Cc) No. of outputs switching (avg) | 18 

d) Power per output of MHz | 1.35 mW/MHz 


Total output power dissipation = 24.3 mW/MHz 


3. Total power per MHz (1 + 2) = 39.9 mMW/MHz 
@ 10 MHz Power = 399 mW 


Use the above estimation technique during initial design. More accurate power dissipation estimates can be made with 
actual interconnect capacitances as determined from routing data and from nodal switching as.determined during logic 
simulation. 


PROPAGATION DELAY ESTIMATION 


The tabulation of typical AC Characteristics provides a method of estimating the propagation delays through the logic 
circuitry by summing the effects of gate fanout, interconnect loading and input rise and fall times for each node of interest. 


The macro library data sheets provide curves and data for worse case (VDD =4.5V, Ta =+ 125°C); best case (VDpp = 5.5V, 
TA =— 55°C) and nominal case (Vpp =5V, Ta =+25°C) conditions. To estimate delays at other conditions, the following 
multipliers may be used to account for temperature and supply voltage variations. 


Multiplier 


The above consideration for gate loading, gate input rise and fall times, temperature variations and supply voltage variations 
are all determined for nominal production conditions. Estimating “worse case” and “best case” delays should include a 
40% factor for lot-to-lot manufacturing variations. 
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Quad Logic Arrays 


DEVELOPMENT CYCLE 


Hughes offers several levels of design interface. Your engineers may do the entire design or Hughes’ engineers can do the 
design work. The chart below details the levels of interface. 


CRITICAL DESIGN REVIEW 


| FUNCTIONAL DESCRIPTIONS 
: TIMING REQUIREMENTS 
| |1/O SPECIFICATIONS 


[ 
| SPECIFICATIONS 
| 


= See —_ — == op ae oe a om eam ap am ae aw ‘aw ~~ om ae aw ew @ e 


e 
! MASK FABRICATION ! 4  TESTGENERATION 


ee ee | 
| NETWORK DESCRIPTION | 
Ue ee seis teeth “eet gee eae | jae cna aoe en er ee re i ee _ 
Lapis acess omen oe anes mena anaes) Games ae WAFER TEST ' 
Se es aa oe ee eres Beets d 
| LOGIC SIMULATION 
CO Se eee ee eb GEE Gu wee cower fo ae eee ea ey ea TF i 
TEST VECTOR GENERATION | ! PROTOTYPE ASSEMBLY 
| PARAMETRIC TEST LIMITS Salen renee em epee On Se gra ee 
ANALYSIS | | + 
| PROTOTYPE 
EVALUATION | 


FINAL DESIGN REVIEW 
| RELEASE TO PRODUCTION 


= CUSTOMER AND HUGHES) a#m=—=—= = HUGHES 
—_—— —— = CUSTOMER OR HUGHES wes mee = CUSTOMER 


i 
! AUTOMATIC ROUTING 
' 


TIMING VERIFICATION 


| onpnen ap == GD Pe a ee ee 


PACKAGING 


The standard packages listed below are available for the Quad Logic Array family of High Performance Gate Arrays. The 
primary package used for each type is further highlighted. Pin grid array packages are preferred for prototype evaluation. 
Package types other than those listed may be available upon request. 


| 24 to 64 _ 
28 to 64 68, 84, 100, 4 : 80 (0.050” centers) 
H6152 Nn te taht Page ce Oa cree el etal Nee Peet 


180* (0.035” centers) 


* In Development 
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a 
HUGHES AIRCRAFT COMPANY 


SOLID STATE PRODUCTS 


512 x 8 
CMOS EEPROM 


DESCRIPTION 


Hughes’ 3104 is a CMOS Electrically Erasable and Programmable Read Only Memory (EEPROM) 
organized 512 x 8. It is ideal for applications where large amounts of data must occasionally be 
altered and then stored during power down conditions such as program storage, data tables or data 
collection. 


Data modification is accomplished by first raising the power voltage, VDp to + Vpp and selecting the 
device with CS high (+5V). Then, erasing or writing is controlled with T2L level signals to the 
appropriate control inputs OE (Erase) and CE (Write). 


All read operations are performed with Vpp at 5 volts. With CS at a high level, the falling edge of the 


Chip Enable signal (CE) latches a valid address input and initiates the accessing of data. The 


information is enabled on the bus when Output Enable (OE) is a low level. 


The Chip Select (CS) input for this device is functional in all modes, allowing for chip selection inthe 
Read, Erase, or Write modes independent of OE and CE inputs. 


The 3104 is available in a 24 lead hermetic dual-in-line ceramic package (D suffix), plastic package 
(P suffix), cerdip (Y suffix) or leadless chip carriers, (L suffix). 


FEATURES PIN CONFIGURATION 

@ 512 x 8 CMOS EEPROM MA7C—11 e 

@ TTL Level Erase/Byte Write Controls MA6L 2 

@ 1 ms Erase/Write times MA 5021 3 

@ 10,000 Erase/Write cycles MA 4C—] 4 

@ 10 year Data Retention MA 30 5 

@ 3-Line Control Architecture MA2C—] 6 

@ 10 uW Typical Quiescent Power Dissipation MA1Co1 7 

@ JEDEC Approved 24 pin DIP MA OC 8 
BUSOC_} 9 
BUS 10] 10 
BUS 2 (__} 11 

FUNCTIONAL DIAGRAM GND [__} 12 

ADDRESS INPUTS 
GN eet te eas 
neee COLUMN ROW 
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HIGH BUFFER BUFFER 
VOLTAGE | VOLTAGE ean a 
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cy INPUT 
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GE = 1 OF 128 
4 GENERATOR 
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= ep [_ orivers (“TT STATE 
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ABSOLUTE MAXIMUM RATINGS ve er 7 ’ NOTE: Stresses . shove: those listed under 


“Absolute Maximum Ratings” may cause perm-. 


DC Supply Voltage Range Re ye ae —0.3 to : 18 Volts s anent damage to the device. This is a stress 
(All Voltages referenced to GND terminal) : rating only and. functional operation of the 

Input Voltage Range ............... ~0.3toVpp +0.3 Volts . device at these or any other conditions above 

Storage Temperature Range ....... —65to+150°C | : 3 those indicated in the operational sections of © 


this specification is not implied. Exposure to 
absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS 


salah ipsa 


fe 'Read Mada on error faivgeent (Cra ce en rt eee ce een eae 


DC OPERATING CHARACTERISTICS 
Read: Vpp = 6V Unless Otherwise Specified 


| lect | Active Current! | 2 ee ie ie ee 100} pA |CE=O0E=0 
VOL ac ee 0.45) V |Vpp=475V, Io =2.1mA 
VOH Output High Voltage 45 24 | — | 24 — | Vv. |Vpp =475V, Io = —400pA 
VIL Input Low Voltage — — 0.6 — 0.6 V |Vpp = 4.75V 
Vin Input High Voltage = Ba — | v_ |Vpp =5.25V 
IL - Input Leakage Current! + 0.1 — +1 — +4 | WA i VIN=OorVpp 


Erase or Write: Vpp = 17V Unless Otherwise Specified 


ICC2A Prog. Current eS 30 — 30 mA VIN = 5V 
ViL inputLowVoltage | — | — | o6 | — | 06 | Vv = 
VIH Input High Voltage — 3.8 — 3.8 foo V — 


; (yy Input Leakage | is 
Rot Current’ VIN =OorVpp 


ILO Output Leakage 
Current! 


Vo =0orVpp 
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AC OPERATING CHARACTERISTICS H 3104 
Read: Vpp = 5V Unless Otherwise Specified 


HC3104 HI 3104 
ee 25°C | O°C to +70°C | —40 to +85°C TEST 
SYMBOL} PARAMETER TYPICAL! MIN. | MAX. MIN. | MAX. le CeAPInONe 
taSU Address Set Up Time 0 75 — 75 — ns CS =VH 
+ il 
tAH Address Hold Time 100 200 — 200 — ns CS =VH 
tACE Access Time from CE 500 5 800 — 825 ns CS = Vy, OE = Vi 
Ro a SSE EES > — > 
tOE Output Enable Time 250 — 375 — 400 ns CS =VyH, CE =VL 
tacs Access Time from CS 550 = 800 = 825 ns CE =V_, OE = VL 
{DF OE to High Impedence 350 — 450 = 475 ns CE =V,, CS = Vy 
tOH Output Hold from 
OE, CE, or CS which 0 0 _ 0 — ns — 
ever occurs first 
t CE High Time | | 0.5 laa | a a ee | 
| , — — — 
| ‘CEH | _ gn tl i ode les, L. les Hs 
ICC3 Dynamic Current 1.0 — 1.2 — 1.2 mA f = 100KHz 
READ TEST CONDITIONS 
Output Load: Cy = 50pF Timing Measurement Reference Levels: Input = Output = 50% 
Input Levels: Vy = 2.4 Volts, VL = 0.45 Volts Input Rise and Fall Times: t, = tp = 10ns 
Erase and Write, Vpp = 16V Unless Otherwise Specified 
 He3104 | 
a ee 25°C | O° to +70°C | oh TEST 
SYMBOL} PARAMETER = |—TYPICAL'. | MIN. | MAX. | MIN. ee gk eee 
tyPs Program Set Up Time! — 5 — 5 aa us — 
—F —— ape =] Se Se =< cE — 
tEp Erase Pulse Width? 1 1 10 1 10 ms CS = Vy, CE = Vy 
+ — i +— nn SERENE Ot 5 a 
twp Write Pulse Width 2 1 1 10 1 10 ms CS = Vy, OE = VH 
| = oe! bee ee ns SE ——.- 4 
tps Data Set Up Time’ 200 260 — 260 — ns CS = Vy, OE = VH | 
po - — — — 
tDH Data Hold Time’ 200 260 — 260 — ns CS = Vy, OE = VH 
+ ——. _ +—— + aaa ——_— ——+- 
tasp Address Set Up Time’ 200 260 — 260 — ns CS =VH 
— —+ —}— $$$ —|— $$} 
taHP Address Hold Time’ 200 260 — 260 — ns CS =VH 


PROGRAMMING TEST CONDITIONS 
Input Levels: Vy = 3.8 Volts, VL = 0.6 Volts Timing Measurement Reference Levels: Input = Output = 50% 
Input Rise and Fall Times: t, = tp = 10ns 


NONVOLATILE CHARACTERISTICS 


~Hes10a =| sHI.3104 
[.0°C to +70°C | -40to+85°C | mae mae 


SYMBOL PARAMETER | “TypicaL | MIN. | MAX. __ CONDITIONS —_ 


| VDD = 16V 
E Endurance’ 100,000 10,000 — 10,000 tEP = twp=1ms 


a 
TR Retention 1-4 == 10 oa 10 a Vppb = 0 to SV 


NOTES: 

1. This parameter is only sampled and is not 100% tested. 

2. Erase and Write time is a function of +Vpp. See characteristic curve. 

3. Endurance is the maximum number of erase/write cycles per byte. 

4. Retention is the amount of time the data is retained in the memory without power being supplied. 
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TIMING WAVEFORMS 


Read 


ADDRESSES 


Yl, es UMM 


CE | 
(CEH | 
° ee 


CS 


OUTPUTS 


Chip Erase/Byte Write (CS = VH) 


nae ERASE) 
co WRITE) t t 
DS poe DH 


‘ASP 


PROGRAM CHARACTERISTICS VS. SUPPLY VOLTAGE 


WRITE/ERASE 
VOLTAGE (V) 


WRITE/ERASE TIME (ms) 
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OPERATING MODES 


The 3104 has three modes of operation: Read, Block Erase and Byte Write, all enabled when the 
chip is selected (CS = high). In the Read Mode the 3104 functions as a normal CMOS ROM. When 
the power input (VDp) is raised to + Vpp, the Erase or Program Mode is enabled. In the Erase Mode, 
all bytes are reset to a logic low (GND). In the Program Mode, bits of the addressed byte may be set to 
a logic high. An Erase Operation is required before re-writing over previously Programmed data. 
Detailed procedures for each mode follow: 


READ MODE: The circuit reads addresses on the falling edge of CE and latches the accessed data 
until CE goes high again. The latched data will appear at the outputs whenever CE is low, CS is high, 
and OE is low. A read is initiated with CS going high if CE is already low. 


ERASE MODE: A Block Erase (all 0’s in memory) is accomplished by setting CE and OE high, raising 
the positive supply to + Vpp and then pulsing OE low. When the circuit internally senses the + Vpp 
voltage, it floats the outputs, preventing + Vpp level signals from appearing on the data I/O bus. 
Erasure can also be controlled by CS if OE is already low. 


WRITE MODE: A write consists of programming 1’s into bits that contain a 0. A byte is programmed 
by setting CE and OE high, raising the positive supply to + Vpp, and pulsing CE low. The address 
lines must have valid data when CE falls and the data to be programmed must be valid on the data 
I/O lines while CE is low. A write operation can follow an Erase while holding + Vpp at + Vpp, and 
several or all the bytes can be programmed with + Vpp held at + Vpp. A write can also be controlled 
by CS if CE is already low. 


Standby (unselected)° 
Standby (unselected)* 
Standby (selected) 
Read 

Read 

Erase 


#1} 


a 


/OBus 
Floating 
Floating 
Floating 
Floating 


Data Out 


Floating 

Program Data Input 

Prohibited State Dp Data Input 

NOTE 5: Recommended modes for Vpp transition to and from + Vpp. Vpp should not fall below input levels during transition. 
PIN DESCRIPTIONS 
MA 0-MA 8: Address inputs which select one of 512 bytes of memory for either Read or Program. 
The addresses need to be valid only during the falling edge of CE. 
1/O 0-1/0 7: Bidirectional three-state data lines that are Data outputs during Read operation and 
Data inputs during Program operation. 
GND: Negative supply terminal and V = 0 reference. 
Vpp: Positive supply terminal. It is raised to + Vpp for Erase and Program operations. 
CS: Chip Select. A Logic Low disables all control inputs in all modes. 
OE: Output Enable. A Logic High disables the Data Output Drivers in normal operation. If VDD = 
+ Vpp, a Logic Low causes a block erase. This input is active only when CS operates high. 
CE: Chip Enable. This input causes the circuit to read the addresses at its falling edge for both Read 
and Program operations. For the Read operation, accessed data is latched and valid as long as CE 
is held at Logic Low. If VDp = + Vpp, a Logic Low causes a byte program operation. This input is 
active only when CS is high. 


Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed by Hughes 
for its use; nor for any infringements or patents or other rights of third parties which may result from its use. No license is 
granted by implication or otherwise under any patent or patent rights of Hughes. 
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HUGHES AIRCRAFT COMPANY 


1024x8 
CMOS EEPROM 


DESCRIPTION 


Hughes’ H3108 is a CMOS Electrically Erasable and Programmable Read Only Memory (EEPROM) 
organized 1024 x 8. It is ideal for applications where large amounts of data must occasionally be 
altered and then stored during power down conditions such as program storage, data tables or data 
collection. 


Data modification is accomplished by first raising the power voltage, VDD to+ Vpp and selecting the 
device with CS high (+5V). Then, erasing or writing is controlled with T2L level signals to the 
appropriate control inputs OE (Erase) and CE (Write). 


All read operations are performed with Vpp at 5 volts. With CS ata high level, the falling edge ofthe 


Chip Enable signal (CE) latches a valid address input and initiates the accessing of data. The 


information is enabled on the bus when Output Enable (OE) is a low level. 


The Chip Select (CS) input for this device is functional in all modes, allowing for chip selection in the 
Read, Erase, or Write modes independent of OE and CE inputs. 


Hughes’ H3108 is available in a 24 lead hermetic dual-in-line ceramic package (D suffix), plastic 
package (P suffix), cerdip (Y suffix) or leadless chip carrier (L suffix). Devices in chip form (H suffix) 
are available upon request. Information on Hughes’ HB3108, 1K x 8 Military EEPROM is available 


upon request. PIN CONFIGURATION 
FEATURES 


1K x 8 CMOS EEPROM 

TTL Level Erase/Byte Write Controls 

1 ms Erase/Write times 

10,000 Erase/Write cycles 

10 year Data Retention 

3-Line Control Architecture 

10 uW Typical Quiescent Power Dissipation 
JEDEC Approved 24 pin DIP 
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ABSOLUTE MAXIMUM RATINGS | NOTE: Stresses above those listed under 


_ “Absolute Maximum Ratings” may cause perm- 


DC Supply Voltage Range peeks ++. 0.8 tot 18 Volts anent damage to the device. This is a stress 

(All Voltages referenced to GND terminal) , rating only and functional operation of the 
Input Voltage Range ............... 70.3 to VDD + 0. 3 Volts - device at these or any other conditions above 
Storage Temperature Range. ....... —65to+150°C - those indicated in the operational sections of 


this specification is not implied. Exposure to 
absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS 


Temperature Range HC3108 0°C to + 70°C 0°C to + 70°C 
HI 3108 —40°C to + 85°C —40°C to + 85°C 


DC OPERATING CHARACTERISTICS 
Read: Vpp = 6V Unless Otherwise Specified 


ce aa ee Re aR 
itn [=a =a 9 ar 


Output Leakage 


Erase or Write: Vpp = 17V Unless Otherwise Specified 


ae A Re 
a4 Input Low Voltage oe 


Input Leakage 
Output Leakage 
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AC OPERATING CHARACTERISTICS H 3108 
Read: Vpp = 5V Unless Otherwise Specified 


tOH Output Hold from 
OE, CE, or CS which 
ever occurs first 
CE — Time 


READ TEST CONDITIONS 
Output Load: C, = 5OpF Timing Measurement Reference Levels: Input = Output = 50% 
Input Levels: Vy = 2.4 Volts, Vi = 0.45 Volts Input Rise and Fall Times: t, = tf = 10ns 


Erase and Write, Vpp = 16V Unless Otherwise Specified 


Peron save ine | 
Siar wre ef fem 


PROGRAMMING TEST CONDITIONS 
Input Levels: Vy = 3.8 Volts, Vi = 0.6 Volts Timing Measurement Reference Levels: Input = Output = 50% 
Input Rise and Fall Times: t, = ts = 10ns 


NONVOLATILE CHARACTERISTICS 


VDD = 16V | 
eueCee 100,000 10, eee o acl aa Byte| tEp= twp=1ms 


Retention’ «it Sd 0 | Vpp = 0 to 5V 


NOTES: 

1. This parameter is only sampled and is not 100% tested. 

2. Erase and Write time is a function of +Vpp. See characteristic curve. 

3. Endurance is the maximum number of erase/write cycles per byte. 

4. Retention is the amount of time the data is retained in the memory without power being supplied. 
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TIMING WAVEFORMS 


Read 


ADDRESSES 


CS 


OUTPUTS OUTPUTS VALID 


Chip Erase/Byte Write (CS = Vy) 


VDD 
+5V 
OE 
(CHIP ERASE) 


. 


_ PROGRAM CHARACTERISTICS VS. SUPPLY VOLTAGE 


7X 


WRITE/ERASE 
VOLTAGE (V) 


WRITE/ERASE TIME (ms) — 
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OPERATING MODES 

The 3108 has three modes of operation: Read, Block Erase and Byte Write, all enabled when the 
chip is selected (CS = high). In the Read Mode the 3108 functions as a normal CMOS ROM. When 
the power input (Vpp) is raised to + Vpp, the Erase or Program Mode is enabled. In the Erase Mode, 
all bytes are reset to a logic low (GND). In the Write Mode, bits of the addressed byte may be settoa 
logic high. An Erase Operation is required before re-writing over previously Programmed data. 
Detailed procedures for each mode follow: 


READ MODE: The circuit reads addresses on the falling edge of CE and latches the accessed data 
until CE goes high again. The latched data will appear at the outputs whenever CE is low, CSis high, 
and OE is low. A read is initiated with CS going high if CE is already low. 


ERASE MODE:A Block Erase (all 0’s in memory) is accomplished by setting CE and OE high, raising 
the positive supply to + Vpp and then pulsing OE low. When the circuit internally senses the + Vpp 
voltage, it floats the outputs, preventing + Vpp level signals from appearing on the data I/O bus. 
Erasure can also be controlled by CS if OE is already low. 


WRITE MODE: A Write consists of programming 1’s into bits that contain a 0. A byte is written by 
setting CE and OE high, raising the positive supply to + Vpp, and pulsing CE low. The address lines 
must have valid data when CE falls and the data to be programmed must be valid on the data I/O 
lines while CE is low. A Write operation can follow an Erase while holding + Vpp at + Vpp, and 
several or all the bytes can be programmed with + Vpp held at+ Vpp. A write can also be controlled 
by CS if CE is already low. 


SUMMARY OF OF aneuNG Mores 


| 


“State. — CED cs OE Vpp.—s—sét Buss 
Standby (unselected)° X 0 X X Floating 
Standby (unselected)* 1 1 1 X Floating 
Standby (selected) 1 1 0 +5 Floating 
Read 0 1 1 +5 Floating 
Read 0 1 0 +5 Data Output 
Erase 1 1 0 +Vpp Floating 
Program 0 1 1 +Vpp Data Input 
Prohibited State 0 1 0 +Vpp Data Input 


NOTE 5: Recommended modes for Vpp transition to and from + Vpp. Vpp should not fall below input levels during transition. 
PIN DESCRIPTIONS 
MA 0-MA 9: Address inputs which select one of 1024 bytes of memory for either Read or Program. 
The addresses need to be valid only during the falling edge of CE. 
BUS 0-BUS 7: Bidirectional three-state data lines that are Data outputs during Read operation and 
Data inputs during Program operation. 
GND: Negative supply terminal and V = 0 reference. 
Vpp: Positive supply terminal. It is raised to + Vpp for Erase and Program operations. 
CS: Chip Select. A Logic Low disables all control inputs in all modes. 
OE: Output Enable. A Logic High disables the Data Output Drivers in normal operation. If VDp = 
+ Vpp, a Logic Low causes a block erase. This input is active only when CS operates high. 
CE: Chip Enable. This input causes the circuit to read the addresses at its falling edge for both Read 
and Program operations. For the Read operation, accessed data is latched and valid as long as CE 
is held at Logic Low. If VDp = + Vpp, a Logic Low causes a byte program operation. This input is 
active only when CS is high. 
Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed by Hughes 


for its use; nor for any infringements or patents or other rights of third parties which may result from its use. No license is 
granted by implication or otherwise under any patent or patent rights of Hughes. 


J 
HUGHES AIRCRAFT COMPANY 


| In Europe: Hughes Solid State Products 
500 Superior Avenue Hughes International Service Co. 
Newport Beach, CA 92663 Schmaedel Str. 22, 8000 Munich, Germany Printed in U.S.A. 2/84 
Telephone (714) 759-2942 TWX: 910-596-1374 Telephone 49-89-834. 7088 Telex: 5213856 HSPD Supersedes Previous Data 
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256 BIT CMOS EEPROM 


DESCRIPTION 


Hughes’ 3300 is a CMOS Electrically Erasable Programmable ROM (EEPROM), organized as 32 x 8. 
Read and Write operations are performed with a single 5V power supply using simple TTL level 
control signals. 


Writing data into nonvolatile storage is performed in a similar manner to the write control of a static 
RAM. A short logic low pulse to the WE pin (Write Enable) initiates the byte write operation which is 
completed with on-chip timing (a separate erase operation is not required). Addresses and data are 
internally latched to free the system bus for other tasks during the write period. 


A Read operation is performed by presenting the byte address and enabling the chip with CE (Chip 
Enable) low. The device uses a two-line control architecture, CE and OE (Output Enable), to 
eliminate bus contention in a system environment. 


The 3300 is available in an 18 lead hermetic dual-in-line ceramic package (D suffix), plastic 
package (P suffix), cerdip (Y suffix) or feac eee chip carrier (L suffix). Devices in chip form (H suffix) 
are available upon request. 


FEATURES | 
@ Byte wide organization (32 x 8) 7 ® Onchip Address & Data latches 
@ Single 5V power supply (Read and Write) @ Simple and efficient 3-line control 
@ Very low power dissipation (CMOS) (CE, OE, WE) 
@ Byte programmable (no erase required) * Fast access time: 450ns typical 
® Onchip timing for byte write @ Fast Write time: 1 ms typical 
BLOCK DIAGRAM | PIN CONFIGURATION 
MA 4 1 
MA 2 3 
MEMORY 32 x 8 MA 1 4 
ADDRESS EEPROM MA 0 5 
LATCH ARRAY BUS 7 6 
ROW BUS 5 8 


aE MODE 
RT 
Ue CONTROL 


LATCH/BI DIRECTIONAL 
THRE 


T 
HREE STATE DRIVER 


Bee Be Bs Be (Be 3B 
U U U U U U U 
OF A! 2 oon AS OSS 
6 5 4 3 2 1 #0 


=| 
m 
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64 x 4 CMOS 
Nonvolatile RAM 


DESCRIPTION 


Hughes’ 3500 is a CMOS Nonvolatile RAM organized as 64 x 4. The device consists of a 
conventional static CMOS RAM paralleled by a background Nonvolatile EEPROM array. This 
combination is useful for applications where the fast data access time and unlimited 
reprogramming capabilities of RAMs and the nonvolatile data storage of EEPROMs is required; 
for example, reconfigurable systems or fault protection (without battery back up). 


Four modes of operation are provided: Read, Write, Store and Recall. Both Read and Write 
options are performed as in standard RAMs. A read is initiated by taking Chip Select (CS) low or 
by a change of address while CS is low. A Write is initiated with CS low and pulsing the Write 


Enable (WE) low. 


Nonvolatile operations: A Store pulse transfers all of the data in the RAM cells, in parallel, to the 
background nonvolatile array. The Recall pulse restores this data from the nonvolatile array to 
the RAM cells. ; He 


All operations are performed at 5V supply voltage with TTL level data, address and control 
inputs. ae | 


The 3500 is available in an 18 lead hermetic dual-in-line ceramic package (D suffix), plastic 
package (P suffix), or leadless chip carrier (L suffix). | =. a 


FEATURES — 


® Nonvolatile Data Storage. : : _ @ Nonvolatile store operation — 10ms 
@ 64x 4 Bit Organization -@ Recall operation — 1s 

@ Single 5V operation in all modes. =—=—=—~S<MsSs«s Wide temperature range | 
e Fast access/Cycle time ~~ s -55°C to + 125°C — Ceramic Package 


Access time — 300ns typical (from CS) -40°C to + 85°C — Plastic Package 
Cycle time — 500ns typical @ Very Low Current | | 
Operational — 2ma typical 


@ Standard pinout — 18 pin package 
Standby — 100 ua typical 


FUNCTIONAL BLOCK DIAGRAM PIN CONFIGURATION 


NC 1 VDD 
STORE A4 2 A6 
pens A3 3 AS 
A 16 ROWS, 4 COLS A2 4 1/0 3 
A3 A 1 5 1/0 2 
A2 RECALL AO 6 1/0 1 
oe cs 7 1/00 
8:9 Vss 8 WE 
| STORE CJ 9 10[-) RECALL 


DI/O (0) 


DI/O (1) 


DI/O (2) 


DI/O (3) 
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H3000 


Hughes H3000 ESP 


SIMULATOR 
PROGRAMMER 


ERASER 
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Hughes H3000 Eraser, Simulator, Programmer 


Hughes offers a complete low power unit to evaluate the 
capabilities of Hughes EEPROM family. The H3000 
provides the necessary modes to erase, program, read, copy, 
simulate, modify, and compare Hughes H 3004, 3008, — 
3108, 3704, 3708, and the future Hughes Nonvolatile 
Memories, as well as members of the industry standard 
2700* family. 


HUGHES FEATURES 
Automatic Self Test 


To insure proper operation, the unit runs an automatic self- 
check as power is activated and then displays the results. 


Easy to Operate 


The H3000 unit leads the operator (without the aid of the 
manual) through each mode of operation by requesting 
information via prompter messages on the 16 character 
display and the eight function keys. 


Software Controlled Selection | 


The H3000, a microprocessor controlled unit, requires no 
personality boards, hardware changes or switch settings for 
selection of PROM types or data transfer port characteristics. 
The last selected parameters remain in the memory until they 
are altered or the power is turned off. 


*2700 series requires uv-erasure 
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Smart and Adaptive Programming 


The H3000 has an 8K 8 static RAM buffer. The starti 
address for the buffer is software selectable in 4K range 
Programming and editing are possible on any PROM by| ‘ 
using available memory. For example, a 
16K x 8 PROM can be programmed or 
edited using an 8K x 8 buffer. 


The programming sequence is 
designed to minimize the possible 
programming time. Complete or 
partial programming is 
done automatically after 
the compare test. The 
H3000 is an intel- 
ligent unit; it 
decides 


what byte(s) need to 
be programmed and whether the 
programming can be done without erasure. Also, while § 
programming (on selected PROMs), the H3000 pulses @ 
word for 10ms at a time and tests the word after each oul 5 
Once the unit adequately retains the information, it is ovgl 
programmed one more time. The unit rejects the PRON§ 
more than five pulses are required to program. This sm): 
and adaptive programming sequence saves significant tii " 
in programming any EPROM. The erase function can b 
enabled to activate automatically in the case of EEPRO! | 
when the programming is not possible without erasure. T 
compare operation is performed at the end of each | 
programming cycle for verification. 


H3000 


werful Editor 


Edit mode allows very fast scrolling back and forth 
ugh the entire work space. In addition to the Examine 
Replace commands, the editor supports many text 
ing commands such as Move block, Find byte(s), Write 
all Os or 1s, and Compare. 


PROM Simulator 


A 24/28-pin simulator 
cable plugs into user’s 
PROM socket, allowing his 
programs to run through the H3000 
RAM buffer. Access time is 350 nsec or 
less. The simulator speeds up the 


elopment cycle by avoiding the need to erase and 
‘ogram PROMs. 


tial and Parallel I/O 


t data transfer in both directions is allowed through an 
232C and a parallel port. Start and end addresses 
the block can be user specified. 

1 the serial transfer, baud rate, parity bits/character, etc. 
keyboard selectable. 


ers Application 


rs can employ the programmer to support their own 
lication programs and additional PROMs via a special 
nmand to the H1802 microprocessor in the unit’s 

fer. 
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The H3000 can provide a number of useful functions such 
as an aid in program development and check-out, a 
functional tester for incoming inspection, a remote 
programming unit, a field service tool, a production 
programmer, and many more. 

The unique capabilities of the H3000 are established by 
using Hughes CMOS devices including the 1800 
Microprocessor Family, the 8K EEPROM for 
program storage and an Intelligent LCD Controller/ 

Driver chip set (H 0550/0551). These latter units 
allow a very simple interface between the microprocessor 
and the display. 


Product Demonstration and Evaluation 


The H3000 also offers a number of programs to demonstrate 
capabilities of Hughes EEPROM devices, Intelligent LCD 
Controller/Driver (H 0550/0551) and 1800 
Microprocessor Family. 

Operators can use resident subroutines to create new 
programs and apply the capabilities of the H3000 for their 
needs. ASCII data can be entered or read in the H3000 
without having a ASCII keyboard. 


Interactive Diagnostics 


A series of interactive programs help the user to diagnose a 
fault in the H3000 if it is suspected that the unit is not 
functioning properly. 


H3000 ESP Specifications | ~H3000 


Functions | @ PROM selection 
@ Read data into buffer 
e@ Send data from buffer | 
@ Inspect, change, find data byte(s), move block, scroll 
@ Compare, verify 
@ Clear buffer to zeros or ones 
@ Erase EEPROM 
@ Program PROM partially or fully 
® Simulate PROM 
® Special modes to evaluate Hughes EEPROMs, LCD Drivers, and 
1802 Microprocessor 


PROM Types | @ Hughes H 3004, 3008, 3108, 3704, 3708 and future nonvolatile 
memories; Intel 2704, 2708, 2758, 2716, 2732, 2732A, 2764, 27128 or 
equivalent; National 27C16, 27C32 or equivalent, Texas Instruments 


2532 or equivalent 


PROM Sockets | ¢@ A 24 pin and a 28 pin (zero insertion force sockets) 
Display | ¢ 16 character, dot matrix LCD 
RAM Buffer | @e8 K x 8 static RAM 
Keyboard | @ 16 hexadecimal keys, 8 function keys | 
Data Transfer | © Serial — RS232C, parallel — with ready resume handshake 
(To/From H3000 Start address and end address of the block can be specified 
Baud rate 110, 300, 600, 1200, 2400, 4800, 9600 
Parity — odd, even, none 
Bits/character — 7, 8 
Stop bits — 1, 2 
Delay 


Power Requirement | @ 100/115/230 VAC, 50/60 Hz 
Size (H x W x L) | @ 4.5” x 12” x 15” 
Weight | e 10 lbs. 


' HUGHES SOLID STATE PRODUCTS 


L J 
HUGHES AIRCRAFT COMPANY 


500 Superior Avenue, Newport Beach, CA 92663 In Europe: Hughes Solid State Products 
Telephone: (714) 759-2942 TWX: 910-596-1374 Hughes Aircraft International Service Co. 
Schmaedel Str. 22, 8000 Munich, Germany Printed in U.S.A. 2/83 


Telephone: 49-89-834.7088 Telex: 5213856 HSPD Supersedes Previous Data 
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Four Digit LCD Driver 


DESCRIPTION 


Hughes’ 0437 is a CMOS/LSI circuit that drives a 4-digit LCD display from multiplexed BCD 
information. The inputs are four positive true strobe (digit select) signals and four BCD data 
lines. Such signals are generated by several LSI counting circuits including the Hughes’ 4010 
and 6010. The input levels are compatible with T?L and NMOS as well as CMOS. 


The outputs are four sets of seven segment drive lines with AC waveform and a backplane 
signal. Input data is loaded into latches upon the positive edge of the appropriate strobe signal. 
The hexidecimal codes of 0 through 9 give the usual seven segment characters, 15 causes a 
blank, and 10 through 14 form the letters A, C, d, E, and F. The LCD® pin controls an internal 
oscillator that determines the LCD drive frequency. A capacitor must be attached at this point. 
The LCD® pin can be over driven by an external signal or the backplane signal of another 0437, 
allowing the use of a display of over four characters. The backplane signal is, thus, the same 
polarity as the impressed LCD® signal. 


The 0437 is available in a 40 lead hermetic dual-in-line ceramic package (D suffix), plastic 
package (P suffix), cerdip (Y suffix) or leadless chip carrier (L suffix). Devices in chip form 
(H suffix) are available upon request. 


FEATURES 
e Drives a 4-digit LCD display e CMOS, NMOS, and T2L compatible inputs 
e CMOS construction for: e Cascadable for larger displays 

Wide supply voltage range @ On chip oscillator 


Low power operation 
High noise immunity 
Wide temperature range 


BLOCK DIAGRAM PIN CONFIGURATION 


7 SEGMENT 
BCD 4 DECODER =e 


VDD 
GND 
DS 4 
A4 
B4 
28 C4 
ey Seen D4 
28 SEGMENT E4 
G4 

F 4 

DS 3 

A3 

B 3 

C3 


(36) 
LCD® D3 
LCD AC 
CIRCUIT E3 
BLANK BACKPLANE G3 


(NC) aa F 3 
DS 2 
A2 


FOUR SETS 


1 
2 
3 
4 
5 
6 
7 
) 8 
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ABSOLUTE MAXIMUM RATINGS a | : | NOTE: Stresses above those listed under “Absolute 


, | = 7“ ' Maximum Ratings” may cause permanent damage ~ 
VOD itine erie sereeeerteenneennniesnnenes 8 to ig 17V ; to the device. This is a stress rating only and 
[ADULTS 2 sjeccevicbaieena danse ekeccccareeet +VDD —17 to + Vpp + .3V functional operation of the device at these or any 
LCD® Input vee ncceecevesecscoes seceeeeeeeeeeeeesees .3 to + VDD + OV other conditions above those indicated | in the 
Power Dissipation ............:cee se. 2OOMW | operational sections of this specification is not 
Operating Temperature : | | _ mel alee ‘ een neta oe 
~— Ceramic Package.........::::sceseeeeees — 55 to + 125°C /CONGIIONS JOLEAENCE? DEloge May anger cevice 

Plastic PaCkage......c.cccsceeeeeeee: — 40 to + 85°C ae: 
Storage Temperature................. — 65 to + 125°C 


LCD® Osc at <15 KHz 
LCD® Driven 


Backplane Output 
Impedance 


VIN 


| 
VIL 


LCD® Input Impedance 


TIMING DIAGRAMS 


| ps oe 


DS STROBE | | 


LON 


TYPICAL SYSTEM INTERCONNECT H 0437 


(CASCADED TO DRIVE 8 CHARACTERS) 


4x7 
CHAR SEG 
BP 


DATA BUS 


OPERATING NOTES 


1. 
2. 


The latches load on the rising edge of Digit Strobe (DS) signals. 


To cascade units, either connect the Backplane of one chip to LCD® of another chip (thus one 
Capacitor provides frequency control for all chips) or connect LCD 9 of all chips to a common driving 
signal. If the former is chosen, don't tie all backplanes together (just use one of them) and drive LCD® 
with a Backplane output that doesn’t go to the actual backplane. This reduces the DC component of 
driving signals. 


The supply voltage of the 0437 is equal to half the peak driving voltage of the LCD. If the 0437 supply 
voltage is less than the swing of the input logic signals, the positive supply leads of the logic circuitry 
and the 0437 should be tied in common, but not the ground (or negative) supply leads. Be careful that 
the input level specifications ere met. 


The LCD® pin can be used in two modes, driven or oscillating. If the LCD @ is driven, the backplane will 
repeat its frequency. If the LCD® pin is allowed to oscillate, its frequency is inversely proportional to 
capacitance and the LCD driving waveforms have a frequency 2° slower that the oscillator itself. The 
relationship is shown graphically. 
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OPERATING NOTES, cont. 


5. Each DS signal loads latches that control 7 auiputs. butthe asclanmentoiwnich character 
in the display corresponds to which DS is arbitrary. The circuit does not havea peauremen 
that certain characters in the display must come from certain output pins. 


6. All LCD Output signals are square wave of amplitude equal to the supply voltage. 
Compared to the backplane signal, on segments are out of phase and off segments are in 
phase. 


Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed by 
Hughes for its use; nor for any infringements or patents or other rights of third parties which may result from its use. 
No license is granted by implication or otherwise under any patent or patent rights of Hughes. 
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SOLID STATE PRODUCTS 


HUGHES AtROC RAFT COMPANY 


Four Digit LCD 
Decoder/ Drivers 


DESCRIPTION 


Hughes’ 7211 devices are configured to drive conventional 4 digit, 7 segment LCD displays. They 
feature on-chip oscillator, divider chain, backplane driver, and 28 segment drivers. These devices 
simplify the task of implementing a cost effective alphanumeric 7 segment display for micro- 
processor systems since they latch data and perform character encoding. 


Two input configurations are available. One provides four data bit inputs and four digit select inputs. 
This configuration (7211-1, 7211-2) is suitable for interfacing with multiplexed BCD or binary output 
devices such as counters. The microprocessor oriented interface (7211-3, 7211-4) devices provide 
data input latches and digit select code latches under control of chip select inputs. 


Two different decoder configurations are available. One configuration (7211-1, 7211-3) will decode 
four bit binary input into a seven segment alphanumeric hexadecimal output. The other (7211-2, 
7211-4) versions will provide the output code 0-9, dash, E, H, L, P, blank. Either device will correctly 
decode BCD to seven segment decimal outputs. 


The 7211-1/7211-2/7211-3/7211-4 are available in a 40 lead hermetic dual-in-line ceramic 
package (D suffix), plastic package (P suffix), cerdip (Y suffix) or leadless chip carrier (L suffix). 
Devices in chip form (H suffix) are available upon request. 


FEATURES 

@® CMOS Circuitry @® 7211-1, 7211-2 provide separate digit 
Wide supply voltage range select inputs to accept multiplexed BCD 
Low power operation input 


High noise immunity 


@ 7211-3, 7211-4 provide data and digit 
Wide temperature range 4 " 


select code input latches controlled by 


@ Four digit non-multiplexed 7 segment chip select inputs to provide direct 
LCD display outputs with backplane driver microprocessor interface. 
@ Complete onboard RC oscillator to @ 7211-1, 7211-3: decode binary to 
generate backplane frequency hexadecimal 
@ Backplane input/output allows simple @ 7211-2, 7211-4: decode binary to code B 
synchronization of slave-device segment (0-9, dash, E, H, L, P, blank) 
outputs to a master backplane signal 
7211-1, 7211-2 7211-3, 7211-4 
PIN CONFIGURATION PIN CONFIGURATION 
40tc7 D1 D1 
39fF C1 G4 
38 [3 B1 B1 
37 A1 A1 
Oscillator Oscillator 
| elec 
3 Digit Chip Select 1 
D2( Select Digit Select Code Bit 2 
Di) !nputs Digit Select Code Bit 1 
: ; Data =e 
B71 Inputs B 1 eee 
BO BO 
F4 F4 
G4 G4 
E4 E4 
D4 D4 
C4 C4 
B4 B4 
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ABSOLUTE MAXIMUM RATINGS 


Power Dissipation’ ............ 0.5 W at 70°C 


Supply Voltage ................ 6.5 Volts 

Input Voltage2 ................. Vt +03 Volts, Ground — 0. 3 Volts. 
(Any Terminal) | 

Operating Temperature Range... — 20°C to + 85°C 

Storage Temperature Range .... — 55°C to+ 125°C 

Lead Temperature ............. 300°C 


(Soldering 10 sec.) 


NOTE 1: This limit refers to that of the package and will not be realized during normal operation. 


NOTE 2: Due to. the SCR structure inherent in the CMOS process, connecting any terminal to 
voltages greater than V* or less than Ground may cause destructive device latchup. For 
this reason, it is recommended that no inputs from external sources not operating on the 
same power supply be applied to the device before its supply is established, and that in 
multiple supply systems, the supply to the 7211 devices be turned on first. 


- NOTE: Stresses above those listed 


under “Absolute Maximum Ratings” 


_. May cause permanent damage to 
the device. This is a stress rating 
-only and functional operation of the 
device at these or any other condi- 


tions above those indicated in the 
operational sections of this specifi- 
cation is not implied. Exposure to 
absolute maximum rating conditions 
for extended periods may affect 
device reliability. 


ELECTRICAL CHARACTERISTICS at Ta = Full temperature range. All parameters measured with V + = 5V. 


Operating Supply Voltage Range VSUPP 
Operating Current 


Test circuit, Display blank 


=a 


Segment Rise/Fall Time C. = 200 pF ee 
Backplane Rise/Fall Time Gls 5000 pF Pp aie. | 


Oscillator Frequency ag 
Backplane Frequency 


Logical ‘‘1” input voltage 7 


Logical “0” input voltage VIL 
Input mst current uk Pins 27-34 


BP/Brightness input leakage ae 
BP/Brightness input capacitance CpBPI All Devices 

AC CHARACTERISTICS - MULTIPLEXED INPUT CONFIGURATION 
Digit Select Active Pulse Width 

Data Setup Time 

Data Hold Time 

Inter-Digit Select Time = 
AC CHARACTERISTICS - MICROPROCESSOR INTERFACE 
Chip Select Active Pulse Width 


Refer to Timing Diagrams 


Data Setup Time 


Data Hold Time ——————E 


Inter-Chip Select Time 


-tCSA Other chip select either held active, or 
both driven together 


pF 
Measured at Pin 5 with Pin 36 at GND —— yA 


200 L a oF 
sae ee us 
cs a a : 
ae ae a 
ed : 
}1oo | | 
oes ae 

| tus 


TIMING DIAGRAMS | H 7211 


(a) Multiplexed Input Timing 


DIGIT SELECT DN-1 


DIGIT SELECT 


DNDATA CSAS SARS 


DATA VALID DATA VALID 


(b) Microprocessor Interface Input Timing 


CS 1 (CS 2) \ / 


o 


CS 2 (CS 1) xR 


DATA AND DIGIT 


CN ONS NS ON ON ON ON NN ON ON ON 


SELECT CODE je = DON’T CARE 


DIGITAL WAVEFORMS 


rreauency JU UUUU 
FREQUENCY 


(28. CYCLES —=— 
|}--64 CYCLES -+}+—64 CYCLES» 


BACKPLANE 
INPUT/OUTPUT 


OFF SEGMENTS 


ON SEGMENTS eee Ss (Renn 


FUNCTIONAL DESCRIPTION 


The LCD devices in the 7211-1, 7211-2, 7211-3, 7211-4 family provide outputs suitable for driving conventional 
four digit by seven segment LCD displays. They include 28 individual segment drivers, a backplane driver, anda 
self-contained oscillator and divider chain to generate backplane frequency. 


The segment and backplane drivers consist of a CMOS inverter, with the n- and p-channel devices ratioed to 
provide identical on resistances, and thus equal rise and fall times. This eliminates any dc component which 
could arise from different rise and fall times, and ensures maximum display life. 


The backplane output devices can be disabled by connecting the oscillator input (pin 36) to the negative supply. 
This allows the 28 segment outputs to be synchronized directly to a signal input at the BP terminal (pin 5). In this 
manner, several slave devices may be cascaded to the backplane output of one master device or the backplane 
may be derived from an external source. This allows the use of displays with more than 4 digits and a single 
backplane. The limitation on how many devices that can be slaved to one master device backplane driver is the 
additional load represented by the larger backplane of displays of more than four digits, and the effect of that load 
onthe backplane rise and fall times. The backplane driver devices of one device should handle the backplane to 
a display of 16 one-half-inch characters without the rise and fall times exceeding 5 us. (i.e. 3 slave devices and 
the display backplane driven by a fourth master device). It is recommended that if more than four devices are to 
be slaved together, that the backplane signal be derived externally and all the 7211 devices be slaved to it. This 
external signal should be capable of driving very large capacitive loads with short (1-2 us) rise and fall times. The 
maximum frequency for a backplane signal should be about 125Hz although this may be too fast for optimum 
display response at lower display temperatures, depending on the display used. 
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FUNCTIONAL DIAGRAMS 


7211-1, 7211-2 


D4 D3 D2 D1 
SEGMENT OUTPUTS SEGMENT OUTPUTS SEGMENT OUTPUTS SEGMENT OUTPUTS 


7 WIDE DRIVER 7 WIDE DRIVER 7 WIDE DRIVER | 


wenBRE SnNSn0 Sandan 
TL PEE 
PROGRAMMABLE 


PROGRAMMABLE PROGRAMMABLE 
4 TO 7 DECODER 4 TO 7 DECODER 4 TO 7 DECODER 


7 WIDE DRIVER 


7 WIDE LATCH EN 


PROGRAMMABLE 
4T0 7 DECODER 


DATA 5 Bae Eee Ci es eee CP ee 
INPUTS @ 7 ee 4 Dee eee Gees 
DIGIT 
SELECT 
INPUTS 
OSCILLATOR OSCILLATOR INPUT/ 
INPUT 16 KHz FREE P 
RUNNING OUTPUT 
ENABLE 
DETECTOR 
7211-3, 7211-4 
D4 D3 D2 D1 


SEGMENT OUTPUTS SEGMENT OUTPUTS SEGMENT OUTPUTS SEGMENT OUTPUTS 


7 WIDE DRIVER 7 WIDE DRIVER 7 WIDE DRIVER 7 WIDE DRIVER 


7 WIDE LATCH EN 7 WIDE LATCH EN 


PROGRAMMABLE PROGRAMMABLE 
4 TO 7 DECODER 4 TO 7 DECODER 


7 WIDE LATCH ENF 
PROGRAMMABLE 
| 4 TO 7 DECODER 
DATA Ht 
| 4 fh ff 4 
eas ones eae 


NETS aS 


PROGRAMMABLE 
4 TO 7 DECODER 


2-BIT DIGIT 
SELECT 
CODE INPUT 


CHIP SELECT 1 
CHIP SELECT 2 


OSCILLATOR 
16 KHz FREE — 128 
RUNNING 
gee ENABLE BP piel a 
ENABLE 
i a comaralioceeses 
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(c) 1802 Microprocessor Interface via 1/O Instruction Control H 7211 


8-DIGIT 
LCD DISPLAY 


7211-3 


7211-3 LOW ORDER DIGITS 


HIGH ORDER DIGITS 


. 23,4 : 
ae SEGMENTS §'35 5-35 SEGMENTS i spre 
2 DATA ayo. “EPS 5BP 37-40 pee iy 
B0-B3 DATA : 


B0-B3 os1 DS 20871082 


1DS2CS1CS2 ————— 
27 28 29 30 31 32 33 34 


33 34 


38 OSC 57 5g 20 30 31. 


BUS 0 


15 

c eaee Ue 
13 |_| 

a 

Ea 


(d) 80C48/8048/8748 Microcomputer Interface 


8-DIGIT 
7211-3 


+ 7211-3 LCD DISPLAY 
P=) HIGH ORDER DIGITS ,Y (> LOW ORDER DIGITS 


40 26 20 pio 27k) yt sv iV 23,4 23,4 vr " 
Vecvoned os 85 pera 6-26 BPS SBP 526, SEGMENTS a nn 
2 XTALI 29 = 37-40 pATA 37-40 OSC 36 > 


BOR B3 


B0-B3 
36 OSC. —_/—.. DS 1DS 26S 1CS 2 DS 1DS 2CS TCS 2 


= 27 28 293031 32 33 34 2728 2030 31 32 33 34 
4 RESET 405 20 
21, }——f21A8 
ROO ee er I ee ee ce 
7EA 23 ee tt for Ga arma a Eo —-— 
+ 80C48 24 Sa a (a (a a a Ca) Se ae A a 
; 4848 Cea aaa ae (OB) OO: GY Ln ee eee ea Sd al (ee oe 
Sere me 2 ae | SS es a gaa oO 
‘uCOMPUTER 37}-—————_+ ++ | | 1 NG i 
1TO DBO 
1 (sR GY CY CGD RE SRN CESSCCS TRE] AE GN CM  CORE 
INPUT 39 T1 1p (rena esae v  aenOR SSA) CAG Les Cet (ERSIORENE SN (Tan cami) (Sn) (SEN (aay (Prete Met era 
ene ag Oe ee ee ee edd Se ee ee | 
6 INT | [aaa eee ae Steed Cea TES GA een ee ed Speen Ge ae 
2) (ine sane nce ease gas Se) ORLA USPENN (ORD RL nase ee ie NT (eaters nme) 
18 aera eee eee ee 
0B 719 ghee gee eee a eee 
11 9 25 10 8 


a 
8355/8755 


ROM/EPROM 
WITH 1/0 
EXPANDER 


3 9 


8355/8755 NOT NECESSARY 
TO 7211-3 INTERFACE 


- NC NC 
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The onboard oscillator is designed to free run at approximately 16KHz at microampere power levels. The 
oscillator frequency is divided by 128 to provide the backplane frequency, which will be approximately 125Hz 
with oscillator free-running. The oscillator frequency may be reduced by connecting an external capacitor to the 
oscillator terminal (pin 36). The oscillator may also be overdriven if desired, although care must be taken to: 
ensure that the backplane driver is not disabled during the negative portion of the overdriving signal (which could 
cause a d.c. component to the display). This can be done by driving the oscillator input between the positive 
supply and a level out of the range where the backplane disable is sensed, about one fifth of the supply voltage 
above the negative supply. Another technique for overdriving the oscillator (with a signal swinging the full 

supply) is to skew the duty cycle of the overdriving signal such that the negative portion has a duration shorter 

than about 1 microsecond. The backplane disable sensing circuit will not respond to signals of this duration. 


INPUT CONFIGURATION AND OUTPUT CODES 


7211-1P Multiplexed 4-bit as Hexadecimal 
7211-2P Multiplexed 4-bit Code B 


7211-3P Microprocessor Hexadecimal 
Interface 


7211-4P Microprocessor Code B 
Interface 


OUTPUT CODES SEGMENT ASSIGNMENT 
BINARY 

B3 B2 B1 BO HEXADECIMAL CODE B 
0 0 0 0 0 U 
0 0 0 1 
) 0 1 0 G 4 
0 0 1 1 a J 
0) 1 0) a) 4 
) 1 ) 1 Qo a) 
0) 1 1 ) 6 6 
0 1 1 1 / ? 
1 0) 0 0 a tl 
1 ) 0) 1 5 g 
1 0 1 0 A . 
1 0 1 1 bi c 
1 1 ) ) Mt 
1 1 0) 1 d L 
1 1 1 9) E p 
1 1 1 1 c (BLANK) 
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SIGNAL DESCRIPTION: H 7211 


A1, A2, A3, A4 — Outputs directly connected to the “a” segments of LCD 
B1, B2, B3, B4 — Outputs directly connected to the “b” segments of LCD 
C1, C2, C3, C4 — Qutputs directly connected to the “c” segments of LCD 
D1, D2, D3, D4 — Qutputs directly connected to the “d” segments of LCD 
E1, E2, E3, E4 — Outputs directly connected to the “e” segments of LCD 
F1, F2, F3, F4 — Outputs directly connected to the “f” segments of LCD 
G1, G2, G3, G4 — Outputs directly connected to the “g” segments of LCD 
BO, B1, B2, B2 — Data input bits select appropriate output code BO is the least significant bit 
D1, D2, D3, D4 — Digit selects bits (7211-1, 7211-2) D1 is the least significant bit 
DS1, DS2 — Two bit digit select code (7211-3, 7211-4) DS 1 is the least significant bit 
DS2 DS1 
0 0 selects D 4 
0 1 selects D 3 
1 0 selects D 2 
1 1 selects D 1 


CS 1, CS 2 — Chip select signals (7211-3, 7211-4): when both CS 1 ,CS2 arelow, the data atthe 
Data Inputs (B 0-B 4) and Digit Select Inputs (D 1-D 4) are written into the input 
latches. On the rising edge of either chip select, the data is decoded and written into 
the output latches. 


OSC — Oscillator input can be floating or tied to external capacitor. When grounded, 
disables BP output devices, allowing segments to be synched to an external signal 
input at the BP terminal. 

BP — See OSC pin above. 

APPLICATIONS: 


(a) Cascading and Synchronization: 


D8 D7 D6 D5,D4 D3 D2 Dt 
mm be eb ee Gb Leacweiane 


8 DIGIT “I 
LCD DISPLAY | Q_§ 


BACKPLANE 


SLAVE MASTER 


a SEGMENTS GND SEGMENTS 

1 a HIGH ORDER LOW ORDER 

: 2 7211-2 
Bee 7211-2 


OSC B3-B0D4D3D2 D1 BP 


BCD/BINARY DATA 


DIGIT D5 
SELECTS |D4 
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(b) 41 /2 Digit LCD DPM With Digit Blanking on Overrange 


+5V =P 4 1/2 DIGIT LCD DISPLAY 
=) BD 


28 SEGMENTS D 1-D 4 


BACKPLANE 


5 BP 


| 2941/2/31/2 31D4 


32D2 7211-2 


33D 3 2,3,4 
6-26 
34D4 37-40 


Loy 18 30B3 OPTIONAL 
Sn 29 B2 -4b —— +5V 
21 : 
pe 2 a 
ian C(O 
(ee rn 
Pe Le eae 
iis 
+5V 
D . 
inn 10KOQ 
1/4 CD 4030 ER 
1S ee re 
6 | : 
10 
ADJUST TO 
fo = 120 KHz 


i) 300 pF 


ov 
ICL8052A 
cieeeen +15V: ANALOG POSITIVE VOLTAGE 
TO) 00K +5V: DIGITAL POSITIVE VOLTAGE (V*) 
2 J OV: DIGITAL GROUND VOLTAGE 
300k 0 8 | +15V —15V: ANALOG NEGATIVE VOLTAGE 
5KO 
—15V 
10KO 


1 ANALOG GND 


Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed by Hughes 
for its use; nor for any infringements or patents or other rights of third parties which may result from its use. No license is 
granted by implication or otherwise under any patent or patent rights of Hughes. 
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H 0438A 


oa] 
HUGHES AIRC RAFT COMPANY 


Serial Input LCD Driver 


DESCRIPTION 


The 0438A is a CMOS/LSI circuit which drives an LCD display, usually under 
microprocessor control. The part acts as a smart peripheral, driving up to 32 LCD segments. 
It needs only three control lines due to its serial input construction. It latches the data to be 
displayed and relieves the microprocessor from the task of generating the required 
waveforms. 


The 0438A can drive any standard or custom parallel drive LCD display whether it be field 
effect or dynamic scattering, 7, 9, 14 or 16 segment characters, decimals, leading + or — , 
or special symbols. Several 0438A’s can be cascaded. The AC frequency of the LCD 
waveforms can be supplied by the user or can be generated by attaching a capacitor to the 
LCD® input, which controls the frequency of an internal oscillator. 


The 0438A can also be used as a column driver in a multiplexed LCD display. In this applica- 
tion, timing and refresh must be supplied externally. 


The 0438A is available in a 40 lead hermetic dual-in-line ceramic package (D suffix), plastic 


package (P suffix), cerdip (Y suffix) or leadless chip carrier (L suffix). Devices in chip form (H 
suffix) are available on request. 


FEATURES 


e Drives up to 32 LCD segments of 
arbitrary configuration 
e CMOS construction for: 
Wide supply voltage range 
Low power operation 
High noise immunity 
Wide temperature range 


CMOS, NMOS, and T*L compatible inputs 
Cascadable 

On chip oscillator 

Requires only 3 control lines 


PIN CONFIGURATION 


CLOCK 
SEG 1 
SEG 2 
SEG 3 
GND 
DATA OUT 
DATA IN 
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ABSOLUTE MAXIMUM RATINGS — Sn eae eer 
VODi i vances Edis cosy hak canes —.3to + 15V. NOTE Opetaling the ‘device “above te Abt 4 


Stine : ~ solute Maximum Ratings” may cause perma- 

Inputs (Cik, Datain, Load)....... +Vpp — 15to + Vpp + .3V_ nent damage to the device. This is a stress 
LCD | | — 3t V 3V rating only and functional operation of the 
el aera oe ee eee ee MODE t | ~ device at these or any other conditions above 
Power Dissipation .............. 250 mW | _ those indicated in the operational sections of 


this specification is not implied. Exposure to 


Operating Temperature absolute maximum rating conditions for ex- 


Plastic Package ............ — 40 to + 85°C tended periods may affect device reliability. 
Ceramic Package .......... —55 to +125°C 


Storage Temperature ........... —65 to + 150°C 


ELECTRICAL CHARACTERISTICS at Ta =+ 25°C and Vpp = 5V unless otherwise noted | 


oO 


Se —_ 
s) 
> 


i 


=n 


Data-Out Output 
Impedance 


Clock Rate 50% Duty Cycle, Vpp = 10 


i ewe | 


LCD ® Input Current Level IL Driven 


~ ~ 


on 
<= 
< 
N 


—_—h 
~ 
e) 
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BLOCK DIAGRAM | H 0438A 


Clock O 


pane 32 BIT STATIC SHIFT REGISTER O Data Out 


Load © 32 LATCHES 


LCD AC Backplane 
LCD® © GENERATOR O Butout 


TIMING DIAGRAM 


Clock 


| | 


|<» |< tp y——>; 
| 


tos | 


Data Out X x 
| 
Scene cal 
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OPERATING NOTES 
1. The shift register loads, shifts, and outputs on the falling edge of Clock. 
2. A logic 1 on Data In causes a segment to be visible. 


3. A logic 1 on Load causes a parallel load of the data in the shift register into latches that control 
_ the segment drivers. 


4. lf LCD® is driven, it is in phase with the Backplane Ouibul 


5. To cascade units, either connect Backplane of one circuit to LCD® of all other circuits (thus 
one capacitor provides frequency control for all circuits) or connect LCD® of all circuits to a com- 
mon driving signal. If the former is chosen, tie just one Backplane to the LCD and use a different 
Backplane output to drive the LCD® inputs. Either the data can be loaded to all circuits in parallel 
or Data Out can be connected to Data In to form a long serial shift register. 


6. The supply voltage of the 0438A is equal to half the peak driving voltage of the LCD. If the 0438A . 
supply voltage is less than the swing of the controlling logic signals, the positive supply leads of the 
logic circuitry and the 0438A should be tied in common, not the ground (or negative) supply leads. Be 
careful that input level specifications are met. 


7. The LCD® pin can be used in two modes, driven or oscillating. If LCD ® is driven, the circuit 
will sense this condition and pass the LCD® input to the Backplane output. If the LCD® pin is 
allowed to oscillate, its frequency is inversely proportional to capacitance and the LCD driving 
waveforms have a frequency 2° slower than the oscillator itself. This relationship is shown in Figure 
1. The frequency is nearly independent of supply voltage. If LCD@ is oscillating, it is important to 
keep coupling capacitance to backplane and segments as low as possible. Similarly, it is recom- 
mended that the load capacitance on LCD® be as large as is practical. 

8. There are two obvious signal races to be avoided in this circuit, (1) changing Data ln when Clock 
is falling, and (2) changing load when Clock is falling. 

9. The number of a segment corresponds to how many clock pulses have occurred since its data 
was present at the input. For example, the data on Seg 19 was input 19 clock pulses earlier. 


10. It is acceptable to tie the load line high. In this case the latches are transparent. Also, remote 
control would only require two signal lines, Clock and Data In. 


Frequency 


(Hz) 


| 20 30 40 50 60 70 
Capacitor 
(pf) 


FIGURE 1 


Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed by 
Hughes for its use; nor for any infringements or patents or other rights of third parties which may resultfrom its use. 
No license is granted by implication or otherwise under any patent or patent rights of Hughes. 
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| SOLID STATE PRODUCTS 


J 
HUGHES AIRCRAFT COMPANY 


Parallel Input Dot Matrix 
LCD Driver 


DESCRIPTION 


Hughes’ 0488 is a CMOS/LSI circuit that drives a rectangular matrix LCD displays under 
microcomputer control. The display itself may be a standard x-y array or a custom array that 
geometrically is not regular at all. Applications include games, bar graphs, and various custom 
patterns. The 0488 is organized as 16 rows and 16 columns. It will drive an LCD display of up to 16 x 
16 directly and can be cascaded for larger displays. 


Data is input 4 bit parallel to minimize the time required to load in data. This circuit drives (using a 
multiplexed scheme) the display with proper voltage level waveforms, but does not handle refresh, 
character encoding, or AC generation. This results in lower parts cost and greater design flexibility, 
but puts more burden on the microcomputer. 


The 0488 is available in a 40 lead hermetic dual-in-line ceramic package (D suffix), plastic package 
(P suffix), cerdip (Y suffix) or leadless chip carrier (L suffix). Devices in chip form (H suffix) are 
available upon request. 


FEATURES 


@ Direct drive of matrix LCDs @ CMOS, NMOS, and PMOS compatible 


Cascadable for large displays inputs 


@ Architecture allows arbitrary display 


@ 
@ On chip precision voltage divider 

patterns 
® 


CMOS construction for: 
Wide supply voltage range 
Low power operation 
High noise immunity 
Wide temperature range 


@® 4 bit parallel input 


PIN CONFIGURATION 


Row 4 le + VDD 
Row 5 2 Row 1 
Row 6 3 Row 2 
Data Clk 4 Row 3 
Latch Pulse 5 Col 1 
Data 0 6 Col 2 
Data 1 7 Col 3 
Data 2 8 Col 4 
Data 3 9 Col 5 
Row 16 Col 6 
Row 15 Col 7 
Row 14 Col 8 
Row 13 Col 9 
Row 12 Col 10 
Row 11 Col 11 
Row 10 Col 12 
Row 9 Col 13 
Row 8 Col 14 
Row 7 Col 15 
GND Col 16 
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ABSOLUTE MAXIMUM RATINGS = S| “MOTE Shissscsabevednate ised cider 


“Absolute Maximum Ratings” may cause. 


UE ase aen qos eter at ases? —3to+17Volts ee 
: | . ne : stress rating only and functional operation 
Inputs Dette eee e eee cnet +Vpp — 17 to+Vppt.3 Volt Sictne ‘device: atthese or any other 
Power Dissipation ............ 250 mW | conditions above those indicated in the. 
Operating Temperature | operational sections of this specification is 
~ Ceramic Package Mes anne — 55to+ 125°C. . | not implied. Exposure to absolute maximum 
Plastic Package ...... oe. —40to + 85°C _ rating. conditions for extended periods 
may affect device reliability. 


Storage Temperature ......... — 65 to + 125°C 


ELECTRICAL CHARACTERISTICS at Ta = + 25°C and Vpp = 5V unless otherwise noted. 


Input High Level 
Input Low Level 
Input Leakage 
Input Capacitance 


Output High Selected 
Output Low Selected 


Output High Unselected 2/3 Vpp—.05 | 2/3 Vpp + .05 
Output Low Unselected 1/3 Vpp —.05 | 1/3 Vpp + .05 


Row and Column Output 
Impedence 


Data in Setup Time 
Data in Hold Time 
Latch Pulse Width 


TYPICAL WAVEFORMS 


/ 
18T ROW (N-1)"*# ROW ~~ NTH ROW 1STROW  (N-1)TH ROW NTH ROW 


| 8 DATA BITS | : | | | ! 
DATAO = |_ Ifill | HUET TUT TH melt Ute = 
| | | | 


PATA > MMT me mi 7 Mi  Lmm + m , mm , 


| l | | | | | 


| | 
INTERNAL | | | . | 


| 
POLARITY |[— | | | | | 


eee SS CEIECIED ee UNSELECTED» SELECTED» UNSELECTED + 
TYPICAL 7 | 
ROW | OF F-———_—____» on >= FF ———_+> 1 NN — >! 
TYPICAL ~ Ly | nr aa a 
COLUMN | OR | | 

| 
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BLOCK DIAGRAM H 0488 


4 DATA 


LATCH 
ENABLE 


a 


- i 
LATCH PULSE 
| ) > 32 HOLDING LATCHES 


TFF MULTIPLE 
LEVEL 
CKT 


) > POLARITY tac 
E FALLING 
16 ROW 16 COLUMN 
EDGE 
DRIVERS DRIVERS 


8 SETS OF 4 
ADDRESSED LATCHES 


EDGE 
<= 8 


DATA 0 © > 


TYPICAL SYSTEM BLOCK DIAGRAM USING 0488 


+ VCC 


MICROCOMPUTER 
SYSTEM 


COLUMN 
DRIVE 


—VpDIS 
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OPERATING NOTES 


1. The addressed latches load when Data Clk is low. 

2. Alogic 1 on Data In selects a row or causes a segment to be visible. 

3. A parallel transfer of data from the addressed latches to the holding latches occurs whenever 
Latch Pulse is high and Data Clik is high. 

4. Output drive polarity is inverted upon the falling edge of Latch Pulse if Data CIk i is low. 

5. Latch Pulse, when high, resets the — 8 latch address counter. 

6. When they are selected Row and Column waveforms are full swing and out of phase with each 
other. Unselected rows swing from '/3 to 2/3 of supply out of phase with a selected row waveform. 
Unselected columns operate analogously. 

7. The intended mode of operation is as follows: (see timing diagram) 

A. The Polarity signal (internal to circuit) has a frequency slightly above the flicker rate. 30Hz to 
50Hz is adequate. 

B. The Polarity signal should be-a square wave of precisely 50% duty cycle to keep DC off the 
display. 

C. The latch pulse is exactly periodic with a frequency of Polarity frequency x 2 x number of 
backplanes utilized, plus 2 extra pulses per Polarity period. These extra pulses are 
associated with a change of Polarity. The state of Data Clk must change from high to low 
between these first and second closely spaced pulses. 

D. Each time increment contains 8 rising edges of Data Clk. 

8. To synchronize two circuits driving a large display, set Latch Pulse and Data 0 high with 
Data Clk low, drop Data 0, then begin normal timing. This initializes the Polarity FF. 

9. If supply voltage is altered to optimize LCD contrast or for temperature compensation, it is best 
to tie all positive supply terminals in common and vary the negative supply. This prevents 
inadvertently forward biasing diodes. 

10. Input order of 0488: 


Data 0 R1 RS RQ R13 C1 C5 Cg 


Data 1 R2 R6 R10 R14 C2 C6 C10 C14 
Data 2 R3 R7 R11 R15 C3 C7 C11 C15 
Data 3 R4 R8& R12 R16 C4 C8 C12 C16 


11. The RMS drive voltages supplied by this IC to an N backplane LCD are as follows: 


VDD N+8 
VOFF = VDD/3 VON= 3 N 


Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed by Hughes 
for its use; nor for any infringements or patents or other rights of third parties which may result from its use. No license is 
granted by implication or otherwise under any patent or patent rights of Hughes. 
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‘SOLID STATE PRODUCTS H 0538A 


H 0539A 


ogee AIRCRAFT ane 
Serial Input 
Dot Matrix LCD Driver 


DESCRIPTION 


Hughes’ 0538A and 0539A are a set of CMOS /LSI circuits that drive a dot matrix LCD display under 
microcomputer control. The intended display is a 5 x 7 or 5 x 8 alphanumeric dot matrix with 
nearly any number of characters. Other matrix displays, such as games and custom arrays, could 
also be driven by this set of circuits. 


The 0538A is organized as 8 rows x 26 columns, and thus can handle up to five characters by itself. 
The 0539A is organized as 0 rows x 34 columns and is used in addition to the 0538A when more than 
26 columns are required. Data is serially input to maximize the number of output pins and minimize 
the number of control pins. This circuit set drives (using a multiplexed scheme) the display with 
proper voltage level AC waveforms, but does not handle refresh or character encoding. This results 
in lower parts cost and greater design flexibility, but puts more burden on the microcomputer. 


The 0538A and 0539A are available in a 40 lead hermetic dual-in-line ceramic package (D suffix), 
plastic package (P suffix), cerdip (Y suffix) or leadless chip carrier (L suffix). Devices in chip form (H 
suffix) are available upon request. 


FEATURES 


@ Direct drive of matrix LCDs ®@ CMOS, NMOS, and T2L compatible inputs 
® Cascadable for larger displays Requires only 3 control lines 
@ On chip oscillator @ Flexible organization allows arbitrary 
@ CMOS construction for: display patterns 
Wide supply voltage range @ Interrupt output to request data from 
Low power operation microcomputer 
High noise immunity 
Wide temperature range 


0538A 0539A 
PIN CONFIGURATION PIN CONFIGURATION 


+V 

DATA IN 
CLK 

LCD® 

GND 
INTERRUPT 
C 34 


1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 
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ABSOLUTE MAXIMUM RATINGS 


Inputs ...... Se ree 
Power Dissipation ...... eco 
Operating Temperature 
Ceramic Package ........ 
Plastic Package .......... 
Storage Temperature ......... 


25 to + 15 volts 
+Vpp — 17 to+ Vpp + .3 volts 


— 55 to + 125°C 
— 40 to + 85°C 
— 65 to + 125°C 


Note: Stresses above those listed under 
“Absolute Maximum Ratings” may cause 


_ permanent damage to the device. This isa 
_ stress rating only and functional operation 


of the device at these or any other 
conditions above those indicated in the 


operational sections of this specification is | 


notimplied. Exposure to absolute maximum 
rating conditions for extended periods 
may affect device reliability. 


ELECTRICAL CHARACTERISTICS at Ta = +25° and Vpp = 5V unless otherwise noted. 


Supply Voltage 
Supply Current 


Input High Level 
Input Low Level 
Input Leakage 
Input Capacitance. 


Row and Column Output Impedance 
Interrupt Output Impedence 


Clock Rate 

Data in Setup Time 

Data in Hold Time 

LCD® to Interrupt Output Delay 


LCD® High Level 
LCD® Low Level 
LCD® Input Impedance 


DC Offset Voltage, 
Any Display Element 


Row Output High 


Row Output Low 
Row Output Unselected 


TYPICAL WAVEFORMS 


| =10 pA 
I = 100 pA 


Data change to clock fall 
Clock fall to data change 


VOH Typical 
VOL Typical 
VOM Typical 
Column Output High VOH Typical 
Column Output Low VOL Typical 


34 DATA BITS 


| ||| || rr er || | || ee 


34 CLOCK PULSES 


en ||| ee ||| | ee: | ||| Lanes 


INTERRUPT 


DESELECTED 


TYPICAL 


COLUMN = —_—+|«—__on 


a il SELECTED >| «— DESELECTED 
TYPICAL ROW | 
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+ ofr + 


BLOCK DIAGRAM H 0538A/0539A 


CLK 


| DATA IN 34 BIT STATIC SHIFT REGISTER 
+VDD ————> 


10+ TT 
LOAD 
34 LATCHES 


= 
ee ie 
LCD S 
LCD® AC 
ce Es 8 ROW 26 COLUMN 
DRIVERS DRIVERS 


INTERRUPT 


TYPICAL SYSTEM BLOCK DIAGRAM 


+VCC 


MICROCOMPUTER 
SYSTEM 


CLK DATA 


INTERRUPT 


TIMING DIAGRAM 


DATA IN 


VMMMMMMMMM110, 


CLOCK 
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OPERATING NOTES. 


1. The Shift register loads and shifts on the 
falling edge of clock. which appears at Interrupt Output. 
2. Alogic 1 on Data In causes a segmentto be 8. To cascade and synchronize several — 
visible. | circuits, either connect Interrupt Output of — 
: ; one circuit to LCD® of all other circuits 
+ A parallel transit of deta fom te shit (hus. one oscilator provides requency 
oe control for all circuits) or connect LCD® of 
rising edge of Interrupt Output. all circuits to a common driving signal. 
4. Row waveforms are out of phase with Then connectall clock lines together to the 

Interrupt Output if selected and at midpoint clock signal and connect each Data In toa 

voltage otherwise. Levels are Vpp, 0, and different line of the data bus, allowing a 

VpD/2. parallel loading of all circuits’ serial data. It 

5. Column waveforms are in phase with is also possible to tie all data lines together 

Interrupt Output if selected and out of and drive each clock individually like a chip 

phase if not selected. Levels are .32 Vpp select. 

and .68 Vpp. 9. There are two obvious signal races to be 

6. The intended mode of operation is as avoided. 

follows: a. Changing data when clock is falling, and 

a. Interrupt Output frequency is the b. Allowing Interrupt Output rising edge to 
minimum no flicker frequency (> 30Hz) be very close to clock falling edge. 
times the number of backplanes utilized. —19,_ If supply voltage is altered to optimize LCD 

b. Interrupt Output is exactly 50% duty contrast or for temperature compensation, 
cycle (to keep DC off the display) and is itis best to tie all positive supply terminals in 
synchronized with loading the data from common and vary the negative supply. This 
shift register to latches. prevents inadvertently forward biasing 

c. In between each Interrupt Output rising diodes. 
yr ae Nar Ei artemis epiate 11. Output locations correspond to a clock- 
rising edge, which ae Saal wise advancing shift register, thus R u is 
aes Rai shift register to display the last data loaded and C 30 is the first 
iched. ; data loaded. 

d. The Interrupt Output goes to the micro- 12. The RMS voltages this circuit delivers to 
computer and is treated as a refresh individual LCD pixels depends on Vpp and 
request, or else the microcomputer the number of backplanes (N) used accord- 
drives the LCD® input with 50% duty ing to the following equations: | 
cycle. .0324 N + .07 

e. Backplanes are addressed sequentially VOFF = VDD N 
and individually. 

7. The LCD® pin can be used in two modes. If VON =VppD {0324 N+ 48 

LCD® is driven, the Interrupt Output will N 


follow it. LCD® will also oscillate if a 
resistor and capacitor are connected in 
parallel to ground. 


The resistor value should be at least 1M. 
The approximate relationship is fout =a , 


Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed by Hughes 
for its use; nor for any infringements or patents or other rights of third parties which may result from its use. No license is 
granted by implication or otherwise under any patent or patent rights of Hughes. 
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‘SOLID STATE PRODUCTS 


I 
HUGHES AIRCRAFT COMPANY 


Serial Input | 
Dot Matrix LCD Driver 


DESCRIPTION 


Hughes’ 0540 is a CMOS/LSI circuit that drives rectangular matrix LCD displays under 
microcomputer control. The display itself may be astandard x-y array or a custom array that 
geometrically is not regular at all. Applications include games, bar graphs, and various custom 
patterns. 


The 0540 can be externally programmed as either 32 rows or 32 columns, under control of the 
Row/Col pin. Thus, two 0540s with opposite selections can drive a 32 x 32 display. Data is 
serially input to maximize the number of output pins and minimize the number of control pins. 
This circuit set could be referred to as a dumb driver because it drives (using a multiplexed 
scheme) the display with proper voltage level AC waveforms, but does not handle refresh or 
character encoding. This results in lower parts cost and greater design flexibility, but puts more 
burden on the microcomputer. 


The 0540 is available in a 40 lead hermetic dual-in-line ceramic package (D suffix), plastic 
package (P suffix), cerdip (Y suffix) or leadless chip carrier (L suffix). Devices in chip form (H 
suffix) are available upon request. 


FEATURES 


e Direct drive of matrix LCDs e CMOS, NMOS, and TL compatible inputs 
e Cascadable for larger displays Requires only 3 control lines 
e On chip oscillator Flexible organization allows arbitrary 
e CMOS construction for: display patterns 
Wide supply voltage range e Interrupt Output to request data from 
Low power operation microcomputer 
High noise immunity 
Wide temperature range 


PIN CONFIGURATION 


+V ye SEG 1 
DATA IN 2 SEG 2 
CLK 3 SEG 3 
LCD® 4 SEG 4 
GND 5 SEG 5 
INT 6 SEG 6 
ROW/COL 7 SEG 7 
CLKEN 8 SEG 8 
SEG 32 9 SEG 9 
SEG 31 SEG 10 
SEG 30 SEG 11 
SEG 29 SEG 12 
SEG 28 SEG 13 
SEG 27 SEG 14 
SEG 26 SEG 15 
SEG 25 SEG 16 
SEG 24 SEG 17 
SEG 23 SEG 18 
SEG 22 SEG 19 
SEG 21 SEG 20 
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ABSOLUTE MAXIMUM RATINGS - | | NOTE: Stresses above those listed 


under “Absolute Maximum Ratings” 


VO eee eee dukecesceaitans —.3 to +15 volts : | 

l t Oo +V —17 to +V + AWOlis may cause permanent damage to the © 
IM PUtS.....seeeeccsecseeeeeeneeneeeteens ieee seem DD DDt. | device ‘This is-avttess tatino-onlvand © 

~ Power Dissipation ............cceceeeeeees 250 mW _ | functional operation of the device at 
Operating Temperature aa | these or any other conditions above | 
Ceramic Package............:ccccccessseseees —55 to +125°C _ those indicated in the operational — 
Plastic Package .—40 to +85°C — sections of this specification is not | 
Storage Temperature ee te ee —65 to +125°C implied. Exposure to absolute maximum | 


rating conditions for extended periods | 
may affect device reliability. 


ELECTRICAL CHARACTERISTICS at Ta= +25°C and Vpp = 5V unless otherwise noted. 


Input High Level 
Input Low Level 
Input Leakage 

Input Capacitance 


Row Output High 
Row Output Low 
Row Output Unselected 


VOH V 
VOL .05 V | 
VOM : SVppt.05 V 
68Vpp—.05 [.68Vpp+.05 V 
S2VDp—-05 |.32Vpp+.05 V | 
Row and Column Output Impedance IL = 10pA 40 KO | 
Interrupt Output Impedance IL = 100pA 3 KO | 
Clock Rate DC 1.5 MHz 
300 nsec. 
100 nsec. 


Data in Setup Time 
Data in Hold Time 


Data change to clock fall 
Clock fall to data change 


LCD® High Level ViH 9VDD VDD V 
LCD® Low Level VIL 0 1Vpp V 
LCD® Input Impedance RIN 1 3 MO 


TYPICAL WAVEFORMS 


32 DATA BITS 


para (NL SudL__ tn 


32 CLOCK PULSES 


a || || ee ||| || || 


INTERRUPT 


DES oe SELECTED ——|-—— DESELECTED 


TYPICAL ROW | 
TYPICAL | 
COLUMN 'ameeeeene ON +} ON aa OFF 
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BLOCK DIAGRAM H 0540 


CLKEN 
® ROW/COL 
CLK eS O— 


DATA IN 32 BIT SHIFT REGISTER 


LOAD 


32 OUTPUT DRIVERS 


LCD® OR 
INTERNAL 
OSCILLATOR 
SELECTION 


ROW/COL 
ON-OFF 
VOLTAGE 
GENERATION 


LCD® 


INTERRUPT 


TYPICAL SYSTEM BLOCK DIAGRAM 


*VCC 
Vcc earats eae 
2 32 x 32 DOT MATRIX LCD 
ROW 
MICROCOMPUTER DRIVER 
SYSTEM 0540 


COLUMN 
DRIVER 


CLK DATA 


INTERRUPT (TOLCD®) 


INTERRUPT 
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ese RS GEE 


OPERATING NOTES _ 


- The resistor value should be at least ma. The 


1. The Shift register loads and shifts on the approximate relationship is foyt = 1, which 
falling edge of the clock. - appears at Interrput Output. RC 
2. A logic 1 on Data In causes a segment to be 8. To cascade and synchronize several circuits, 
visible. either connect !nterrupt Output of one circuit 
3. A parallel transfer of data ie the shift to LCD® of all other circuits (thus one 
register to the latches occurs upon the rising oscillator provides the frequency control for 
edge of Interrupt Output. all circuits) orconnect LCD ® ofall circuits toa 
4. Row waveforms are out of phase with the common driving signal. Then connect all clock 
Interrupt Output if selected and at midpoint lines together to the clock signal and connect 
voltage otherwise. Levels are Vpp, 0, and each Data In to a different line of the data bus, 
Vpp/2. Selection of the 0540 as a row driver is allowing a parallel loading of all the circuits’ 
accomplished by Vcc on pin 7. serial data. It is also possible to tie all data lines 
5. Column waveforms are in phase with the together and drive each clock individually like 
; Interrupt Output selected and out of phase if a chip select. Another alternative is to use the 
not selected. Levels are .32 Vpp and .68 Vop clock enable to allow reading data into specific 
Selection of the 0540 as acolumn driver is ac- creas: 
complished by Vgg on pin 7. 9. There are two obvious signal races to be 
6. The intended mode of operation is as follows: pg te . ae eee 
a. Interrput Output frequency is the minimum a. Changing data when the Clock is falling, 
no flicker frequency ( > 30Hz) times the and aa 
number of backplanes utilized. b. Allowing Interrupt Output rising edge to be 
close to clock falli : 
b. Interrupt Output is exactly 50% duty cycle Rene oe te aati eege: 
(to keep DC off the display) and is synchro- 10. If supply voltage is altered to optimize LCD 
nized with loading the data from the shift contrast or for temperature compensation, it is 
register to latches. best to tie all positive supply terminals in 
c. In between each Interrupt Output rising ene ang Naty: Mie Degalive supp iy: as 
edge, serial data is loaded for the next row prevents inadvertently forward biasing diodes. 
to await the next Interrupt Output rising 11 Output locations correspond to a clockwise 
edge, which causes parallel transfer from advancing shift register, thus Seg 1 is the last 
shift register to display latches. data loaded and Seg 32 is the first data loaded. 
d. The Interrupt Output goes to the micro- 12. If the N backplanes are utilized, this IC drives 
request, or else the microcomputer drives 
7 j 0 
the LCD® input with 50% duty eycle: 0304 N+ 07 
e. Backplanes are addressed sequentially and VOFF = VDD a ne 
individually. 
7. The LCD® pin can be used in two modes. If 


LCD@ is driven, the Interrput Output will fol- 
low it. LCD® will also oscillate if a resistor and 
capacitor are connected in parallel to ground. 


2 / __.0324.N + .43 
Von = VDD ee 


Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed by 
Hughes for its use; nor for any infringements or patents or other rights of third parties which may result from its use. 
No license is granted by implication or otherwise under any patent or patent rights of Hughes. 
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HIIGHES AIRCRAFT COMPANY 


Parallel Input 
Dot Matrix LCD Driver 


DESCRIPTION 


Hughes’ 0541 and 0542 area set of CMOS/LSI circuits which drive a dot matrix LCD display under 
microcomputer control. The intended display is a5 x 7 or 5 x 8 alphanumeric dot matrix with nearly 
any number of characters. Other matrix displays, such as games and custom arrays, could also be 
driven by this set of circuits. 


The 0541 is organized as 8 rows x 23 columns, and thus can handle up to four characters by itself. 
The 0542 is organized as 0 rows x 32 columns and is used in addition to the 0541 when more than 23 
columns are required. Data is input 4 bit parallel to minimize the time required to load in data. This 
circuit drives (using a multiplexed scheme) the display with proper voltage level AC waveforms, but 
does not handle refresh or character encoding. This results in lower parts cost and greater design 
flexibility, but puts more burden on the microcomputer. 


The 0541 and 0542 are available in a 40 lead hermetic dual-in-line ceramic package (D suffix), 
plastic package (P suffix), cerdip (Y suffix) or leadless chip carrier (L suffix). Devices in chip form (H 
suffix) are available upon request. 


FEATURES 
@ Direct drive of matrix LCDs @ CMOS, NMOS, and PMOS compatible 
@ Cascadable for larger displays inputs 
@ On chip oscillator @ Flexible organization allows arbitrary 
@ CMOS construction for: display patterns 
Wide supply voltage range @® Interrupt Output to request data from 
Low power operation microcomputer 


High noise immunity 
Wide temperature range 


0541 0542 
PIN CONFIGURATION PIN CONFIGURATION 


+V 

LCD® 

GND 
INTERRUPT 
CLK 


OANDOA KR WD — 


1 
2 
3 
4 
5 
6 
7 
8 
SS) 


69 


ABSOLUTE MAXIMUM RATINGS 4% a | | NOTE: Stresses above those listed under |; 


“Absolute Maximum Ratings” may cause |’ 


VDD ceie tess Beate ce aus an —.3 to + 17 volts . Moe ok _permanent damage to the device. Thisisa Le 
INDUNS... oo Acawiod owmsbawsa aoa iss +Vpp—17to+Vpp+.3volts > stress rating only and functional operation |, 
Power Dissipation . 250 mW - of the device at these or any other |: 
3 Oe tia ae ie | . conditions above those indicated in the |: 
Operating Temperature P operational sections of this specification is | 
Ceramic Package ........ —55 to #125°C . : __ .notimplied. Exposure to absolute maximum 
Plastic Package .......... — 40 to+ 85°C rating conditions for extended periods | 
Storage Temperature ......... —65to+125°C may affect device reliability. : 


ELECTRICAL CHARACTERISTICS at Ta = + 25°C and Vpp = 5V unless otherwise noted. 


Input High Level 
Input Low Level 
Input Leakage 
Input Capacitance 


Row Output High 
Row Output Low 
Row Output Unselected 


Column Output High VOH 68Vpp—.05 | .68Vppt.05 | 
Column Output Low VOL 32VDp—.05 | .32Vppt.05 : 
Row and Column Output Impedance RON | = 10yA — 30 | 
Interrupt Output impedence RON IL = 100pA 1 | 

f DC 1.0 : 


Clock Rate 7 
Data in Setup Time © tps Data change to clock fall 

Data in Hold Time tDH Clock fall to data change 

LCD ®@ to Interrupt Output Delay tp _ 


LCD® High Level VIH 
LCD® Low Level VIL 
LCD® Input Impendence 


TYPICAL WAVEFORMS 


8 DATA BITS 


| es ||| | 


8 CLOCK PULSES 


| ||| ce || ||| | ee 


INTERRUPT 


. DESELECTED — SELECTED see = DESELECTED 
TYPICAL ROW | | 


TYPICAL . | 
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TIMING DIAGRAM ~H 0541/0542 


DO—D3 


HMMM, SEN Cll 


BLOCK DIAGRAM 


4 DATA 


CLK 
32 ADDRESSED LATCHES 


Aiep » RESET 


32 | aeHOLOING LaToHES LATCHES 
GND ms ag 
LD 
LCD ® 
CkT 8 ae 24 COLUMN 
| anes: DRIVERS 


INTERRUPT 


TYPICAL SYSTEM BLOCK DIAGRAM 


MICROCOMPUTER 
SYSTEM 


COLUMN 
DRIVER 


CLK DATA 


INTERRUPT 
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| 


OPERATING NOTES 


1. 


2. 


The addressed latches load when clock is 
high. 

A logic 1 on Data In selects a row or causes 
a segment to be visible. | 


. A parallel transfer of data from the 


addressed latches register to the holding 
latches occurs upon the rising edge of 
Interrupt Output. Also, the —8 counter is 
reset. 


. Row waveforms are out of phase with. 


Interrupt Output if selected and at midpoint 
voltage otherwise. Levels are Vpp, O, and 
Vpp/2. 


. Column waveforms are in phase with 


Interrupt Output if selected and are out of 
phase if not selected. Levels are .32 Vpp 
and .68 Vpp. 

The intended mode of operation is as 

follows: 

a. Interrupt Output frequency is the mini- 
mum no flicker frequency (~30Hz) times 
the number of backplanes utilized. 

b. Interrupt Output is exactly 50% duty 
cycle (to keep DC off the display) and is 
synchronized with loading the data from 
addressed latches to holding latches. 

c. In between each Interrupt Output rising 
edge, 4 bit parallel data is clocked in 
with 8 clock pulses for the next time slot 
to await the next Interrupt Output rising 
edge, which causes the parallel transfer. 

d. The Interrupt Output goes to the micro- 
computer and is treated as a refresh 
request, or else the microcomputer 
drives the LCD® input. 

e. Backplanes are addressed sequentially 
and individually. 

The LCD® pin can be used in two modes, 

driven or oscillating. If LCD® is driven, the 

Interrupt Output will follow it. If the LCD® 


10. 


11. 


pin is allowed to oscillate, its frequency is. 


inversely proportional to capacitance and 
the Interrupt Output waveform has a 
frequency half that of the oscillator itself. 
The approximate relationship is foyt (KHz) = 
380/ c (pf). The frequency is nearly in- 
dependent of supply voltage. 

To cascade units, either connect Interrupt 
Output of one circuit to LCD® of all 
other circuits (thus one capacitor provides 
frequency control for all circuits) or connect 
LCD® of all circuits to a common driving 
signal. Then tie all corresponding data 
inputs together and clock each circuit 
individually when its data is on the bus. 
In the case of two driver circuits and an 8 
bit microcomputer, the clocks could be 
common and each Data In tied to a different 
line of the data bus. 


There are two obvious signal races to be 
avoided: 

a. Changing data when clock is falling, and 
b. Allowing Interrupt Output rising edge to 

be very close to clock falling edge. 

If supply voltage is altered to optimize LCD 
contrast or for temperature compensation, 
itis best to tie all positive supply terminals in 
common and vary the negative supply. This 
prevents inadvertently forward biasing 
diodes. 


Input order of 0541. 


12. Input order of 0542 is similar, but starts at 


CO (Pulse 1, Data 0) and ends at C 31 (Pulse 
8, Data 3). 


Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed by Hughes 
for its use; nor for any infringements or patents or other rights of third parties which may result from its use. No license is 
granted by implication or otherwise under any patent or patent rights of Hughes. 
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LPG HES ALRO RAFT €C OMPANY 


Serial Input 
Dot Matrix LCD Driver 


DESCRIPTION 


Hughes’ 0548 is a CMOS/LSI circuit which drives rectangular matrix LCD displays under 
microcomputer control. The display itself may be a standard x-y array or a custom array that 
geometrically is not regular at all. Applications include games, bar graphs, and various custom 
patterns. 


The 0548 is organized as 16 rows and 16 columns. It will drive an LCD display of up to 16 x 16 directly 
and can be cascaded for larger displays with additional 0548’s or other Hughes LCD drivers. Data is 
input serially to maximize the number of output pins and minimize the number of control pins. This 
Circuit drives (using a multiplexed scheme) the display with proper voltage level AC waveforms, but 
does not handle refresh or character encoding. This results in lower parts cost and greater design 
flexibility, but puts more burden on the microcomputer. The 0548 can be used with an 0539 to drivea 
display that has up to 16 rows and an arbitrary number of columns. 


The 0548 is available in a 40 lead hermetic dual-in-line ceramic package (D suffix), plastic package 
(P suffix), cerdip (Y suffix) or leadless chip carrier (L suffix). Devices in chip form (H suffix) are 
available upon request. 


FEATURES 
® Direct drive of matrix LCDs ® CMOS, NMOS, and T2L compatible inputs 
@ Cascadable for larger displays @ Requires only 3 control lines 
@ On chip oscillator @ Flexible organization allows arbitrary 
@ CMOS construction for: display patterns 
Wide supply voltage range @ Interrupt Output to request data from 
Low power operation microcomputer 


High noise immunity 
Wide temperature range 


PIN CONFIGURATION 


+V 
DATA IN 
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ABSOLUTE MAXIMUM RATINGS . = 5 Ss Note: Sirésces above those listed under “Absolute « 


Maximum Ratings” may cause permanent damage 


VDD 123 S0.8ceaceteiween .... —.3to+ 17 volts - to the device. This is a stress rating only and 
INDUS o..86 acceso eet eiesnes +Vpp — 17 to+ Vpp + .3 volts - functional operation of the device at these or any 
Power Dissipation 250 mW | % other conditions above those indicated in the 


operational sections of this specification is not 
implied. Exposure to absolute maximum rating 


i 


Operating Temperature 


Ceramic Package .... —55to+125°C © conditions for extended periods may affect device 
Plastic Package ...... — 40 to + 85°C reliability. | 
Storage Temperature ..... — 65 to+ 125°C 


ELECTRICAL CHARACTERISTICS at Ta = + 25°C and Vpp = 5V unless otherwise noted. 


Supply Voltage 
Supply Current 


ad Input High Level 
Input Low Level 
Input Leakage 
Input Capacitance 


Row Output High 
Row Output Low 
Row Output Unselected 


Column Output High 68Vpp—.05 

Column Output Low 32Vpp—.05 

Row and Column Output Impedance 40 

Interrupt Output Impedence | lL =100 pA 1.5 
s 


Clock Rate | DC 1 
Data in Setup Time Data change to clock fall 


Data in Hold Time Clock fall to data change 


LCD® High Level 
LCD® Low Level 
LCD® Input Impedance 


TYPICAL WAVEFORMS 


32 DATA BITS 


a ||| || ||| ||| | | 


32 CLOCK PULSES 


ae || ||| ees ||| ||| reece || ||| | Meera 


INTERRUPT | 
DESELECTED SELECTED ——>}+—— DESELECTED ’ 
TYPICAL ROW ee 
— 2 VDD 

TYPICAL - 
COLUMN |-__— OoN———+|+——— ON | OFF———+| 

| | | 68 VoD 
eee ee ee 
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BLOCK DIAGRAM H 0548 


DATA 32 BIT SHIFT REGISTER 
LOAD 
32 LATCHES 
: 16 16 


16 OUTPUT 
DRIVERS 
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16 ROW 16 COLUMN 
OUTPUTS OUTPUTS 
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GENERATION GENERATION 
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OPERATING NOTES 


1. The Shift register loads and shifts on the © | ee , 
falling edge of clock. | The approximate relationship is fout =Ro ’ 
2. Alogic 1 on DataIn causes a segmentto be MNIClapPea saben UP OUDUES 
visible. 8. To cascade and synchronize several 
3. A parallel transfer of data from the shift circuits, either connect Interrupt Output of 
register to the latches occurs upon the one circuit to LCD® of all other circuits 
rising edge of Interrupt Output (thus one oscillator provides frequency 
Be ea ne ae Ie dar control for all circuits) or connect LCD@ of 
" iMntSreube- Output ii Selecied ne Stimid- all circuits to a common driving signal. 
int a P neat Pavel V Then connectall clock lines together to the 
eee WON Ades eircrns Sian rae Means ener aE clock signal and connect each Data In toa 
5 C. aus eee , h th different line of the data bus, allowing a 
; } oe ae nas apr P ne Na f parallel loading of all circuits’ serial data. It 
Lae ‘ a rae sie ay : is also possible to tie all data lines together 
P ae ne ac ae DD and drive each clock individually like a chip 
a - DD: select. Another alternative is to use the 
6. He intended mode of operation is as clock enable to allow reading data into 
specific circuits. 
. at stat baa Heed aes ie 9. There are two obvious signal races to be 
avoided. 
times the number of backplanes utilized. ; 
b. Interrupt Output is eae 50% duty a. Changing data when clock is falling, and 
: cycle (to keep DC off the display) and is b. Allowing Interrupt Output rising edge to 
to clock falli 
synchronized with loading the data from Pe ser ha iene eae 
shift register to latches. 10. If supply voltage is altered to optimize LCD 
c. In between each Interrupt Output rising contrast or for temperature compensation, 
edge, serial data is loaded for the next itis best to tie all positive supply terminals in 
row to await the next Interrupt Output common and vary the negative supply. This 
rising edge, which causes parallel prevents inadvertently forward biasing 
transfer from shift register to display diodes. 
latches. 11. Output locations correspond to a clock- 
d. The Interrupt Output goes to the micro- wise advancing shift register, thus Row 1 is 
computer and is treated as a refresh the last data loaded and Col 16 is the first 
request, or the microcomputer drives data loaded. 
the LCD® input with 50% duty cycle. 12. The RMS voltages this circuit delivers to 
e. Backplanes are addressed sequentially individual LCD pixels depends on Vpp and 
and individually. the number of backpianes (N) used accord- 
7. TheLCD@ pin can be used in two modes. If ing to the following equations: 


LCD® is driven, the Interrupt Output will 
follow it. LCD® will also oscillate if a 
resistor and capacitor are connected in 
parallel to ground. 


The resistor value should be atleast 1MQ. 


0324 N+ .07 
VRMS OFF=VDD  \/ = 
Vams ON = Vpp / 0324 N + 43 


Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed by Hughes 
for its use; nor for any infringements or patents or other rights of third parties which may result from its use. No license is 
granted by implication or otherwise under any patent or patent rights of Hughes. 
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| 3 HUGHES § SOLID STATE PRODUCTS H 0607A 


Serial Input 
Dot Matrix LCD Driver 


DESCRIPTION 


Hughes’ 0607A is a CMOS/LSI circuit that drives a matrix LCD display under microcomputer 
control. The intended display is a 4 x 4(16 segment) alphanumeric matrix ora 4x 2or3 x 3numeric 
matrix, each with nearly any number of characters. Other matrix displays, such as games and 
custom arrays, could also be driven by this circuit. 


The O607A is organized as 4 rows x 30 columns, and thus can handle 7 alphanumeric or 15 numeric 
characters by itself. The 0539A, organized as 0 rows x 34 columns may be used in addition to the 
0607A when more than 30 columns are required. Data is serially input to maximize the number of 
output pins and minimize the number of control pins. This circuit drives (using a multiplexed 
scheme) the display with proper voltage level AC waveforms, but does not handle refresh or 
character encoding. This results in lower parts costs and greater design flexibility, but puts more 
burden on the microcomputer. 


The 0607A is available in a 40 lead hermetic dual-in-line ceramic package (D suffix), plastic 
package (P suffix), cerdip (Y suffix) or leadless chip carrier (L suffix). Devices in chip form (H suffix) 
are available upon request. 


FEATURES 
@ Direct drive of matrix LCDs @ CMOS, NMOS, and T2L compatible inputs 
@ Cascadable for larger displays @ Requires only 3 control lines 
@ On chip oscillator @ Flexible organization allows arbitrary 
@ CMOS construction for: display patterns 
Wide supply voltage range : @ Interrupt Output to request data from 
Low power operation microcomputer 


High noise immunity 
Wide temperature range 


BLOCK DIAGRAM PIN CONFIGURATION 


CLK 
DATA IN 34 BIT STATIC SHIFT REGISTER 
+VDD———> 
it iy 
LOAD 
34 LATCHES 
_  u— 


ees 2a 
LCD . > 
LCD® ; AC 
ORY rp] 4 ROW 30 COLUMN 
DRIVERS DRIVERS 


INTERRUPT 
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ABSOLUTE MAXIMUM RATINGS _ 2 Ss 2, _ Note: Stresses above those listed under “Absolute 
oo a Maximum Ratings” may cause permanent damage 
VDD) Setes seme au owes ... —.3to+ 15 volts a3 «to the device. This is a stress rating only and 


DUNS 5 2 ie a a cree a eaeics +VDp —17to+Vpp+.3volts —_—_—functional operation of the device at these or any 

Power Dissipation ........ 250 mW | | other conditions above those indicated in the 

6 operational sections of this specification is not 

Storage Temperature peat ae — 65 to + 125°C implied. Exposure to absolute maximum rating 

Operating Temperature | | conditions for extended periods may affect device 

Ceramic Package .... — 55to+125°C reliability. | | , 
Plastic Package ...... — 40 to+ 85°C 


ELECTRICAL CHARACTERISTICS at Ta = + 25°C and Vpp = 5V unless otherwise noted. 


Supply Voltage 
Supply Current 


Input High Level 
Input Low Level 
Input Leakage 
Input Capacitance 


Row and Column Output Impedance 
Interrupt Output Impedence 


Clock Rate 

Data in Setup Time Data change to clock fall 
Data in Hoid Time Clock fall to data change 
LCD ® to Interrupt Output Delay 


LCD ® High Level 
LCD® Low Level 
LCD® Input Impedance 


~ Row Output High Typical 


Row Output Low Typical 
Row Output Unselected Typical 


Column Output High VOH Typical 
Column Output Low VOL Typical 


TIMING DIAGRAM 


~ 


DATA IN 


MMMM, ES Ul 
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TYPICAL WAVEFORMS H 0607A 


34 DATA BITS 


| | rn! ||| | || 


34 CLOCK PULSES 


cuoow IVIL 


DESELECTED — SELECTED ———~}-—— DESELECTED 
TYPICAL ROW | | 


TYPICAL 
COLUMN {7 CON ON ants as OFF | 


TYPICAL SYSTEM BLOCK DIAGRAM 


ROW/COL 
DRIVER 


MICROCOMPUTER 
SYSTEM 


COLUMN 
DRIVER 


CLK DATA 
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OPERATING NOTES 


1. 


2. 


The Shift register loads and shifts on the 
falling edge of clock. 


A logic 1 on Data In causes a segment to 


parallel to ground. 

The resistor value should be atleast 1MQ. 
The approximate relationship is fout =RC ’ 
which appears at Interrupt Output. 


be visible. 8. To cascade and synchronize several 
3. A parallel transfer of data from the shift circuits, either connect Interrupt Output of 
register to the latches occurs upon the one circuit to LCD® of all other circuits 
rising edge of Interrupt Output. (thus one oscillator provides frequency 
4. Row waveforms are out of phase with control for all circuits) or connect LCD®@ of 
Interrupt Output if selected and at midpoint all circuits to a common driving signal. 
voltage otherwise. Levels are Vpp, 0, and Then connectall clock lines together to the 
VpD/2. | clock signal and connect each Data In toa 
5. Column waveforms are in phase with different line of the data bus, allowing a 
; interrupt Output: if Selecied!and out of parallel loading of all circuits’ serial data. It 
P is also possible to tie all data lines together 
phase if not selected. Levels are .32 Vpp 
and .68 Vpp. and drive each clock individually iS a chip 
6. The intended mode of tion j eae 
; ia Oe Tee ta ey eee eek ae 9. There are two obvious signal races to be 
a. Interrupt Output frequency is the vee 
minimum no flicker frequency (> 30Hz) a. Changing data when clock is falling, and 
times the number of backplanes utilized. Bev owing ek stance: eaget 
b. Interrupt Output is exactly 50% duty Pevely Close ne Cig Ue euge: 
cycle (to keep DC off the display) and is 10. If supply voltage is altered to optimize LCD 
synchronized with loading the data from contrast or for temperature compensation, 
shift register to latches. it is best to tie all positive supply terminals 
c. In between each Interrupt Output rising in common and vary the negative supply. 
edge, serial data is loaded for the next This prevents inadvertently forward biasing 
row to await the next Interrupt Output diodes. ) 
rising edge, which causes parallel 11. Output locations correspond to a clock- 
transfer from shift register to display wise advancing shift register, thus R 1 is 
latches. the last data loaded and C 30 is the first 
d. The Interrupt Output goes to the micro- data loaded. 
computer and is treated as a refresh 12. The RMS voltages this circuit delivers to 
request, or else the microcomputer individual LCD pixels depends on Vpp and 
drives the LCD® input with 50% duty the number of backplanes (N) used accord- 
cycle. ing to the following equations: 
e. Backplanes are addressed sequentially 3 
and individually. Vams OFF=Vpp \ / 2324N+.97 
7. The LCD® pin can be used in two modes. If N 


LCD® is driven, the Interrupt Output will 
follow it. LCD® will also oscillate if a 
resistor and capacitor are connected in 


| 0324 N + .43 
VRMS ON = VDD y ee 


Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed by Hughes 
for its use; nor for any infringements or patents or other rights of third parties which may result from its use. No license is 
granted by implication or otherwise under any patent or patent rights of Hughes. 
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Auto-Refresh CMOS 
LCD Driver 


DESCRIPTION 


Hughes’ 0515 is a CMOS driver for multiplexed Liquid Crystal Displays. Each unit is capable of 
driving an LCD matrix of up to 8 rows x 25 columns. This display could be a graphic array, custom 
array, or 5 characters in a 5 x 7 format. Multiple units may be cascaded for displays with more rows 
and/or more columns. The input is in a serial format (data is loaded in one row at a time) and 
requires the user to specify the on/off state of each pixel. Therefore, the user has great flexibility in 
displaying the shapes and figures he needs. The 0515 provides all the multi-level AC waveforms 
necessary for the LCD driver, automatically refreshes the display, and interfaces directly with most 
microprocessors and microcomputers. 


The 0515 operates over a 5-10 voltage range. The 0515 is available in a 40 lead hermetic 
dual-in-line ceramic package (D suffix), plastic package (P suffix), cerdip (Y suffix) or leadless chip 
carrier (L suffix). Devices in chip form (H suffix) are available upon request. 


FEATURES PIN CONFIGURATION 
@ CMOS circuitry 1@ 40 Vpp 
Low power dissipation 2 OSC 
Wide temperature range ; eran 
Wide supply range 5 CS 
@ Microprocessor compatible 6 DATA OUT 
® CMOS and NMOS compatible f COL 25 
br, 8 COL 24 
rives an 8 x 25 multiplexed LCD 9 COL 23 
@ Automatic display refresh 10 COL 22 
@ -Chi i 11 COL 21 
On-Chip oscillator | ee 
@ Power down/blank display mode 13 COL 19 
@ Number of backplanes is software COL 18 
programmable COL 17 
COL 16 
COL 15 
COL 14 
COL 13 
COL 12 


TYPICAL SYSTEM INTERCONNECT 


+Vpp CLK 


SERIAL DATA C 


DATA IN 
MICROPROCESSOR - 


SYSTEM 


T ee el 
| 
| 
| 
| 


ioe cares ene ss 


ABSOLUTE MAXIMUM RATINGS ae | _ NOTE: Stresses above those listed under “Absolute: 


Maximum Ratings” may cause permanent damage 


Vpp Supply ..........00- — 03 to + 12 Volts 


to the device. This is a stress rating only and 
: functional operation of the device at these or any 
, — + 

Input to Voltages ......... VDD —12 to Vpp + .3 other conditions above those indicated in the 
Operating Temperature : : - operational sections of this specification is not 
Plastic Package ....... — 40 to + 85°C implied. Exposure to absolute maximum rating 
Ceramic Package ...... '—- 55 to + 125°C conditions for extended periods may affect device 

Storage Temperature ..... — 65 to + 125°C reliability. 


od 
| _inputlowlevel | MT 
| _inputleakage | 
) murGapsstenee | ___}_@___ 
| Row OutputLow (Se) | Von | 
| Row Output High (Unsel) =| Vou | 
VOH 
| Routr | 


ae ee 


- 
> 


[beta Ouputtigh Lever Sd von | aoa ee 
Tis1ea | 
[column Output impedance | Roure | _h=toua [+d 


NOTE 1: See Output Waveforms 


‘e) 


x 
+o) 


mV 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = +25°C; Vpp = +5V unless otherwise specified. 


Disable time, chip select rising edge to data output hi-impedance 


Deselect time delay from clock falling edge to chip select 
rising edge tEND 
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FUNCTIONAL DIAGRAM H 0515 


™ ae Oe 
CLOCK 5-BIT 7 25-BIT 


DATA 
CONFIG/CTRL DATA pale 
DATA SHIFT REG SHIFT REG : 
3 + 
READ/WRITE 
TRANSFER GATES 
N 


- tt E . 
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aeig DEC/ 8 x 25 
COUNTER CTRL ne 
25 
LCD 
se CTRL 


BACKPLANE SEGMENT 
DRIVERS DRIVERS 


BP 1 — BP 8 SEG 1 — SEG 25 


TIMING DIAGRAM 


ae tSU ee tH | 
| | 
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| 


DATA OUT VALID OUTPUT 
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access >) —_ oe +— tis 


P12 °3/4 5/6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 


SELECT AND MODE CONTROL 
There are four modes of operation in the 0515: 


1. Write buffer mode 
2. Read buffer mode 
3. Initialization mode — blank display 
4. Initialization mode — visible display 


A serial data string is presented to the Data In terminal for any operation. The data format is shown below: 


Row Mode Column Select 
Control con- (25 columns) 
(8 rows) trol 


-ROW CONTROL — 


Data bits 1, 2, and 3 represent the address of the row to be selected or the total number of rows to be selected 
minus 1 depending on the mode controls. The row control information is in binary and controls 8 rows from 0 
through 7. Data bit 1 is the MSB and data bit 3 is the LSB. 


MODE CONTROL 


Data bits 4 and 5 represent the operational mode to be selected. Each mode is described separately in the 
Operational Mode Section. 


Data bit 4 
0 Write into RAM storage buffer 
Read from RAM storage buffer 


0 
1 Initialization with blank display 
1 Initialization with visible display 


COLUMN SELECT 


Data bits 6 through 30 represent the 25 individual column bits in the addressed row (bits 1-3) while in the write 
mode. Data bit 6 corresponds to column 1, data bit 7 corresponds to column 2..., data bit 30 corresponds to 
column 25. 


OPERATIONAL MODES 

1. Initialization Mode: 

There are two modes available for initialization of the 0515. The main purpose for initialization is to define the 
total number of rows to be used in the display, and to make the display visible or blank. 

a. Initialization with Blank Display (Bit 4 = 1, Bit 5 = 0) 

When this mode is selected, the display is blanked out and the total number of rows are selected via data bits 
1,2,and 3. Column information may or may not be provided. If the column information is provided via data bits 
6 through 30, this mode also acts as a write into RAM storage mode writing a row of data into the RAM atthe 
row selected by data bits 1, 2 and 3. (i.e., the last row of the display). 

Initialization with Visible Display (Bit 4 = 1, Bit 5 = 1) 

In this mode, the first three data bits represent (N-1) where N is the total number of rows used in the display. 
Also it enables the display information to become visible. This mode can be terminated after five data bits, 


otherwise, it will read the column information of the row that is selected via the data-out line on successive 
clock inputs (i.e., the last row of the display). 


oS 
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OPERATIONAL MODES, cont. H 0515 
2. Write Mode (Bit 4 = 0, Bit 5 = 0) 
This mode is used to write or update the data into the 8 x 25 RAM storage. Row address is provided by row 


control data bits 1, 2, and 3, while 25 bit data for each column is provided via data bit 6 through bit 30. The 
display can be made visible or blank depending upon the initialization mode previously selected. 


3. Read mode (Bit 4 = 0, Bit 5 = 1) 


This mode is used to read the data from the 8 x 25 RAM storage and sequentially display it on the Data Out 
terminal. Row address is provided by row control data bits 1, 2 & 3. 


For each row address, column data is shifted serially on Data Out terminal from column 25 to column 1 on each 
successive clock. 


4. Typical Mode Sequence 


With power on, the display shows random data on the display. The initialization with blank display mode can be 
selected and the first write can be made on the last row during the same cycle by providing column data on bit 6 
_ through bit 30. Additional write modes will be selected to write into all the rows in the same manner. Once the 
final row is written, an initialization mode with visible display must be selected. 


TYPICAL MODE SEQUENCE & TIMING 


BLANK 
INIT/WRITE! 
ROW N ROW 0 ROW 1 ROW n-1 VISIBLE 
cS 10 WRITE WRITE WRITE INITIAL 


00 00 00 11 


INVALID DATA VALID DATA 
DISPLAYS mae DISPLAYED 


NOTE 1: SEE EXPANDED TIMING BELOW 


EXPANDED INITIALIZATION/ WRITE WITH BLANK DISPLAY (30 BITS) 


z 
CLOCK \ ; 
Vw eee ee ee — eee 
— Se 
BIT ¥ BIT ¥ BIT Y BIT Y BIT 
SSS Se 
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SYNCHRONIZATION AND CASCADING 


To cascade a number of 0515 s, which share rows, all units must be synchronized. This can be done by auving 
each Osc pin of the 0515 with the same external signal and initializing all units at the same time. 


In Figure A, the 0515is used to drive 8 rows x 25N columns. Rows from one unit are tied to the display andr rows 
on the other units are not used. The chip select signal also controls all the 0515s at the same time on Data In pins. 
The different data (column data) is presented by the data bus to control different columns. In the initialization 
mode all 0515s must be presented the same data on Data !n pins by software. Alternatively, a common data line 
and individual chip selects could be used. 


Theoretically any number of 0515s can be cascaded together as shown. In reality, it depends on the 
characteristics of the display and the application. In a similar manner, one can utilize a number of 0515s to drive 
16 rows x m column displays. For each 8 x 25 block, one 0515 is required as shown in Figure B. 


FROM 
ee ee es RE ena, EXTERNAL 
 — Po ee ae 
(Gi amcaee ae ea ae ee 
CLK OSC CS cs CLKOSC CS CLK OSCCS 
DATA 1 DATA N 
DATA IN DATA IN DATA IN DATA IN 
ROWS COL COL] COL COL 
COL. 1-25 COL. 26-50 COL. 51-75 COL 
ROWS n—25 + on 
0-7 LCD DOT MATRIX 
Figure A 


8X25 8X25 8X25 | 
16 ROWS 
8X25 8X25 8X25 | 


|} |}~+———m cotumns > 


Figure B 


SIGNAL DESCRIPTION 


Row 0 — Row 7; Pin 1 — Pin 8 (Outputs): These eight outputs can be connnected directly to the row pins 
(backplanes) of the display. , 


Col 1 — Col 25; Pin 9 — Pin 19, Pin 21 — Pin 34 (Outputs): These twenty five outputs can be connected directly to 
the column pins of the display. 


GND; Pin 20: Ground for display and display driver. 
Vpp; Pin 40: Most positive supply for the display and display driver. 


Data Out; Pin 35 (Output): The Data Output pin produces data serially from the RAM buffer during the read buffer 
mode. 
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SIGNAL DESCRIPTION, cont. H 0515 
CS; Pin 36 (Input): The chip select input enables all operating modes of 0515 when CS is low. 


Data In; Pin 37: The data input pin is used for loading the RAM buffer data serially from an external system. 
Positive logic is used and a logic 1 makes a pixel visible. 


Clock; Pin 38 (Input): Negative going edge on this pin clocks the data in or out, depending on the mode. 


OSC; Pin 39 (Input): The timing for refresh waveforms for the LCD is determined by a capacitor connected to this 
pin. An external signal should be used to synchronize the oscillators while cascaded. 


OSCILLATOR FREQUENCY 
To determine the proper frequency of operation, one must consider: 


1) the external frequency is divided by two on-board. 
2) number of backplanes selected (rows), and 
3) 30 Hz minimum no-flicker frequency. 


1 


The f is derived as: fee. ext 
2XN X30 


The external capacitor which will produce f is: 


50K x C 
where the value of C.is in microfarads 
te 1 
Example: 8 backplanes, ——————————-__ = —_—__———— _, yields C = .01 microfarads 
2X 8 X 30 50K X C 


LCD DRIVER NOTES 


1. RMS Drive Voltages: The On and Off RMS drive voltages supplied to each pixel by the 0515 depend on the 
number of backplanes, N, as follows: 
VDD N+15 


VRMS ON = —— 
| 4 N 


VDD N+3 


VRMS OFF = —— 
4 N 


The 0515 generates on-chip all required voltages to drive a multiplexed LCD with the V/4 drive scheme. The V/4 
scheme requires the following voltages to be derived (when Vpp is the supply voltage): 


~ VDD 
~.75 VDD 
5 VDD 
25 VDD 
0 


ed 


Note if the display requires a swing more negative than system ground, the Vpp is tied in common 
with system Vpp and the GND is taken sufficiently lower than system GND to provide the required 
swing. (The user must ensure that the 0515’s VL spec is not violated and that VOL’s can be read by 
the system.) Waveforms for the V/4 display drive scheme are shown below: 


TYPICAL OUTPUT WAVEFORMS 


ROW 1 SELECTED 


ROW 1 


ROW 2 SELECTED ~ L 

_ S~ | |r. TT | 
VDD ce 

COL 5VDD — | 


Vss 


2. Temperature Compensation: The 0515 can be used with displays requiring temperature 
compensation. The technique is to select a PTC (Positive Temp Compensation) thermistor with a 
temperature response which complements that of the display. The thermistor is inserted between 
the 0515's Vss and the negative reference source. 


Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed by Hughes 
for its use; nor for any infringements or patents or other rights of third parties which may result from its use. No license is 
granted by implication or otherwise under any patent or patent rights of Hughes. 
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Intelligent LCD 
Dot Matrix Controller/ Driver 


DESCRIPTION 


Hughes’ 0550 and 0551 Chip Set will drive a 5 x 7 or 5 x 8 liquid crystal dot matrix of up to 32 
characters. Control of the display is handled through an 8 bit bidirectional |/O port. The chip set 
handles character decode, display manipulation, cursor control, and all display drive functions 
including refresh and generation of multiple-level AC waveforms. 


The 0550/0551 is available in a 40 lead hermetic dual-in-line ceramic package (D suffix), plastic 
package (P suffix), cerdip (Y suffix) or leadless chip carrier (L suffix). Devices in chip form (H suffix) 
are available upon request. | 


FEATURES 
@ CMOS circuitry @ Display manipulation instructions to 
Low power dissipation accomplish: 
Wide supply variation Shift 
High noise immunity | Rotate 
@ Microcomputer compatible | ae 
\ ASCIl input format Fast load 
® Display of 64 different characters Power down 
® Control of up to a 32 character display @ Instructions to control output of: 
e.. (Ganeai fall dri f Characters 
eneration of all drive waveforms Cursor position 
@ Automatic refresh Display control flags 
@ Cursor control Busy status 


0550 0551 
PIN CONFIGURATION PIN CONFIGURATION 

+VCC 1 @ Row 1 +Vcc (Pos. Supply) 1@ Col 1 

OSC 2 Row 2 Data In 2 Col 2 

—VBus (GND) 3 Row 3 Clock 3 Col 3 

Bus 0 4 Row 4 LCD® 4 Col 4 

Bus 1 5 Row 5 —V551 (Neg Supply) 5 Col 5 

Bus 2 6 Row 6 Data Out 6 Col 6 

Bus 3 7 Row 7 Col 34 7 Col 7 

Bus 4 8 Row 8 Col 33 8 Col 8 

Bus 5 ) Col 1 Col 32 9 Col 9 
Bus 6 Col 2 Col 31 Col 10 
Bus 7 Col 3 Col 30 Col 11 
MWR Col 4 Col 29 Col 12 
MRD Col 5 Col 28 Col 13 
cs Col 6 Col 27 Col 14 
Clock Col 7 Col 26 Col 15 
Data Out Col 8 Col 25 Col 16 
—V551 Col 9 Col 24 Col 17 
NC Col 10 Col 23 Col 18 
LCD Col 11 Col 22 Col 19 
—VpDIS Col 12 Col 21 Col 20 


89 


ABSOLUTE MAXIMUM RATINGS | Oo NOTE: Stresses above those listed under 


Supply Voltage, (#Vpp) voeeeee — BV to +13 Volts | | permanent damage to the device. Thisis a 


Input Voltage, CPA se avaase aye soctenete VDD — 15 to Vpp + .3 Volts eh the- device al anese oro any: otner 

_ Operating Temperature, (Top) © : | conditions above those indicated in the 
Plastic Package ....... ... 7 40 to + 85°C | operational sections of this specification is" 
Ceramic Package ee tas: — 55 to + 125°C : notimplied. Exposure to absolute maximum 
Storage Temperature, (TSTO) .. — 50 to + 125°C rating conditions for extended periods 


may affect device reliability. 


ELECTRICAL CHARACTERISTICS at Tag =+ 25°C unless otherwise specified 
(—VBuS pin is considered GND) Vpp = VCC + VDIS. 


PARAMETER SYMBOL CONDITION MIN. MAX. UNITS 
Environmental 
Power Supply Voltage +VDD 10 


Power Supply Current 


750 
(0550 and 0551) 


Operating at 5V 


afl 


5V, Power Down Mode 
Inputs at Either Supply! 


Quiescent Current 


(0550 and 0551) 
Inputs - 550 VIH Vpp = 3 to 10V 
High Level 0550 VIL 8 Data Bus 
____-____——_ Inputs —— 
Low Level 8 Data Bus L CS, MRD, MWR Vcoc715 
VIN = 0, Vpp = 10 


Leakage 


De) 
E 
> 


8VDD Vp 


0 


OVDD 
5Vpp 


< 
Be 


OD 
Zz 


Capacitance 
Inputs - 551 
High Level VIH | 8VDD VDD 


Vpp~15 VDD 


Low Level VIL 


Leakage 


i 


VIN = 9, Vpp = 10 


Capacitance 


© 
Zz 


Outputs Signals to 


High Level 0551 
LCD ® 
Data Out 


Voc—.05 
—VbIS 


ie 
—VpIst.05 


V 
KQ 


Low Level 


Impedance Clock 


Vou 
z 

[Four 

vu 


5V,1= 100 pA 


< 
Oo 
- 


| Row Drive Impedance | ROUT 
Bus Drive High VIH 


Timing (See Note 2) 
Data Set-up Time | tps Data valid to MWR fall 


Data Hold Time © tDH MWR pulse to data 


MWR Pulse Width High tPWH 
MWR Pulse Width Low tPWL 
MRD Delay | tpp MRD fall to data valid 


MRD Pulse Width Hig tPWH 
MRD Pulse Width Low -tPWL 


NOTE 1 — Oscillator high if driven — 
NOTE 2 — MWR and MRD negative pulses assumed to be coincident with or narrower than CS negative pulse 


oi 


V 


5V,1= 1.6 mA source 
5V,1=1.6 mA sink 


© 


() 
if 


~“J 
on 


2 nsec 


nSec 


nsec 


nsec 


2) 
J 
pe) 
=) 
© 
@ 


NSec 


nsec 


fe>) 
co) 
co) 


nsec 
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FUNCTIONAL BLOCK DIAGRAM H0550/0551 


+Vcc ~—VBus ~VDIS 


ee 


CS | 
MAD ALL 
CONTROL 

MWR LOGIC SUBCIRCUITS 8 x 32 BIT | 

RECIRCULATING| | 

| MEMORY 

| FLAG | 

| [7 REGISTER | 

DATA 1/0 CHARACTER | 

N 

BUS 4—-7| BUFFER ee REGISTER 35 x 64 BIT 

(8 BITS) ) = ae CHARACTER 
RSOR LOCATION 

| REGISTER, COUNTER K__| > eae | 

AND COMPUTER DIVIDER CHAIN | 

osc | 5 x 32x 8x64 
OSCILLATOR {LCD DRIVER 

ae | LOGIC | 

J 


ROW COLUMN 0551 
DRIVE DRIVE CONTROL 
(8 BITS) (12 BITS) (4 BITS) 


SYSTEM BLOCK DIAGRAM 


+VCC 


ROW DRIVE 


BUS 0-7 
DISPLAY 
CONTROLLER 
SYSTEM 0550 |. Spi +Voc fi 
| pus. COLUMN COLUMN 


DRIVER DRIVER 
The 0551 is a serially loaded column driver. 


0551 0551 
The 0550 handles all other functions and is thus the controller. ou 
(See Operating Notes, page 8, Variable Resistor (item 2) and Power Supply (item 4). 


INPUT TIMING — 0550 OUTPUT TIMING — 0550 


BUS | VALID OUTPUT 
1] DATA 


— ‘PD | 
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INSTRUCTION SET 


Table 1 


~O01XXXXX_ 


20 | = 
Load Character to to J J J 
010XXXXX 5F 
| 00 _ 
Load Cursor Location O00XXXXX to J J 
1F (see note 2) 
60 
Set Display Control Flag | 011XXXXY to J = 
71 


Blink Cursor 0110 0000 - off | 60 
0110 0010 - on 61 
Blink Display 0110 0011 - off 


oO) oO 
© PN 
—_ 


0110 0011 - on 


0110 0100 - off 
0110 0101 - on 


Auto/Inc Dec 


Up/Down 0110 0110 - off 66 
0110 0111 -on 67 
Blank Display 0110 1000 - off 68 
0110 1001 - on 69 
Visible Cursor 0110 1010 - off 70 
0110 1011 - on 71 


Cursor Type 0110 1100 - off 
0110 1101 - on 

Busy Output Only 

Rapid Load 0110 1110 - off 


0110.1111 - on 


0111 0000 - off 
0111 0001 - on 


Get Cursor Location 10000010 8 
Get Display Control Flags 10000001 


Inc/Dec Cursor 1000100X Re 


Shift Righ 
Shift Left 
Rotate Right 
Rotate Left 


Reset Busy (Abort) 10001011 


Power Down 


Get Character 


ele 
= 1% 


00 | © fo) 
oO ;m Tn 


8A 
8B | 


NOTE: 1.Associated Bus Line for display control flags. Status appears 
on Bus Line on MRD input following a get control flags 
instruction. 

2. Only if busy is due to Load Character. 


3. See Instruction Set for special precautions. 


DISPLAY DRIVE LS! REQUIREMENTS 


Number of 0550 Required 


Number of 0551 Required 
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till ri 


(see note 2) 


| 
| 
: 
i 


X= Variable Data Y = Flag State 

Short Busy is 5 to 10 periods of master oscillator, or 125 psec. at 82 KHz. 

Long Busy is up to 160 periods of master oscillator, or 2 msec. at 82 KHz. 

Input Instructions are accomplished when MWR and CS are held low. 

Output Instructions are accomplished when MRD and CS are held low. 
(An output instruction must have been previously written.) 


INSTRUCTION EXPLANATION 


Load Character 

This instruction loads a specific character into 
a previously specified location. The instruction 
code is OXXXXXXX where the 7 bit ASCII data 
must be the 64 character subset corresponding 
to hex addresses 20 through 5F. This instruction 
creates a long busy and cannot be performed 
during an existing busy condition or a power 
down. During the busy time, the ASCII data 
is loaded into a memory location which 
corresponds to the display position held in the 
cursor location register. 


Load Cursor Location 

This instruction sets the cursor location. The 
instruction code is OOOXXXXX where XXXXX 
can be any binary number 0 through 31. The 
cursor location serves as a pointer to one of the 
32 display positions. Zero corresponds to the 
1st location and 31 corresponds to the 32nd 
location. The left most position is the 0 location 
and displays of less than 32 characters use 
positions 0, 1, 2.... N. 


Set Display Control Flag 

This instruction sets or resets the individual 
flags which control the display and enable 
special instructions. The instruction code is 
011XXXXY, where the XXXX is a binary number 
0 through 8 which corresponds to one of the 9 
flag registers, and the Y is the flag state. Table Il 
gives the flag, the flag address, and the 1/O bus 
on which the flag contents appear after the get 
display control flag instruction. 


Get Character 

This instruction enables an output command 
(MRD = QO) to fetch the ASCII code for the 
character pointed to by the cursor location 
register. After a load cursor location instruction, 
a time of 160 oscillator periods must be allowed 
before the Get Character instruction will output 
correct data. Bus 7 contains the Busy status. 
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Get Cursor Location 

This instruction enables a subsequent output 
command (MRD = 0) to fetch the cursor location. 
Bus 0-4 contain the cursor location, Bus 5-6 
float, and Bus 7 contains the Busy status. 


Get Display Control Flags 

This instruction enables an output command 

(MRD = 0) to fetch the status of the display 

control flag registers. See the Instruction Set 

Table on page 4 for details of the positioning of 

the flags on the bus. 

Note: Any “Get” command need be given only 
once. Being stored on the chip, it may be 
used until a different “Get” instruction is 
needed. 


Inc/Dec Cursor 

The instruction code is 1000100X, where X = 1 
will cause an immediate advancement of the 
Cursor one position to the right, and X = 0 will 
cause an immediate advancement of one 
position to the left. 


Shift 

The shift right (left) instruction advances every 
character right (left) by one position and loads a 
blank into the first (last) position. 


Rotate 

The rotate right (left) instruction advances every 
character right (left) by one position and moves 
the last (first) character to the first (last) position. 


Clear 
This instruction loads a blank into every display 
location. 


Reset Busy 

This instruction aborts any instruction execution 
which has caused a busy signal, resets the busy 
flag, and allows the immediate loading of any 
instruction. Of course the aborted instruction 
may or may not have been completed. 


TYPICAL OUTPUT WAVEFORMS 


COL1 -5 VDD 


SAMPLE PROGRAMS 


Initialize - This sequence, per- 
formed after system power 
up, will initialize everything, 
blank the cursor and set it at 
the left most position, and be 
ready for character loading 
from left to right. 


1 SELECTE 
__-- ROW 1 SELECTED 


OUTPUT - 8B 


OUTPUT - 70 


OUTPUT - 6E 


OUTPUT - 6D 


OUTPUT - 6A 


OUTPUT - 68 


OUTPUT - 67 


OUTPUT - 65 


OUTPUT - 62 


OUTPUT - 61 


OUTPUT - 00 
| OUTPUT - 8A 


RESET BUSY 


RESET POWER DOWN MODE FLAG 


RESET RAPID LOAD FLAG 


RESET UNDERLINE 


ee ee ns 


ROW 2 SELECTED 


Rapid Load Display - This 
sequence will display a 16 
character message using the 
rapid load feature. Assume 
initialization was done as in 
example. 


SET RAPID LOAD 
FLAG 


OUTPUT - 6F 
SET A COUNTER 
TO 16 
OUTPUT - 20 
DECREMENT 
COUNTER 


CHARACTER 


RESET CURSOR VISIBLE FLAG <> 
¥ 


RESET BLANK DISPLAY FLAG 


SET UP/DOWN FLAG TO UP 


SET (ENABLE) 
AUTO INC/DEC FLAG 


RESET BLINK DISPLAY FLAG 


RESET BLINK CURSOR FLAG 


SET CURSOR TO 
LEFTMOST POSITION 


CLEAR DISPLAY 


ES 
SET COUNTER 
TO 16 


OUTPUT A “LOAD 


CHAR” COMMAND 
CONTAINING 


(IF NO MORE 
MESSAGE, LOAD A 


BLANK) 


DECREMENT 
COUNTER 


or > 
¥ 


ES 
OUTPUT - 6E RESET RAPID LOAD FLAG 
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LOAD A “DON’T CARE” 


PROPER CHARACTER} LOAD CHARACTER 


Character Load Display - Sup- 
pose the display shows the 
message SUM = 354.2 (left 
justified) and it is desired that 
this be changed to SUM = 
357.8. Assume the initialization 
of the example. 


OUTPUT - 06 
OUTPUT - 37 


x IS 0550 BUSY? 
N 


iNO 
OUTPUT - 89 
OUTPUT - 38 


SETCURSOR 
LOCATION TO 6, 
(7THCHAR) 


LOAD A “7” | 


PULSE CS AND | 
MRD LOW, | 
LOOK AT DATA | 
ON BUS 7 | 


INCREMENT 
CURSOR 


LOAD AN “8” 


DISPLAY CONTROL FLAG EXPLANATION 


Blink Cursor 

A “1” in this flag register causes the cursor (the 
position pointed to by the cursor location 
register) to blink at approximately 1 Hz. The 
cursor visible flag must be set. The blinking is 
an on/off flashing for the underline cursor or an 
alternation between the character and solid fill 
(all 35 dots) for the full character cursor. 


Blink Display 
A “1” causes the entire display to flash on and 
off at approximately 1 Hz. 


Auto Inc/Dec. 

A “1” in this flag register causes the cursor 
location register to automatically be changed by 
one every time a character is read from or 
written to the character register. (See Up/Down 
flag.) 


Up/Down 

A “1” (“0”) in this flag register works in conjunc- 
tion with the Auto Inc/Dec flag to cause 
automatic incrementing (decrementing) of the 
cursor location register when a character is 
written to or read from the 0550. 


Blank Display 
A “1” in this flag register blanks the display, but 
leaves the display memory intact. 


Visible Cursor 

A “1” in this flag register causes the cursor (the 
position stored in the cursor location register) to 
be visible. The cursor cannot be blinked by the 
Cursor Blink flag unless it is made visible. 
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Cursor Type 

A “1” in this register selects an underline on 
row 8 for the cursor, and a “0” selects a filled 
character, all 35 dots visible. 


Power Down 

A “1” in this flag register stops the oscillator and 
opens a switch in the resistor divider used in 
the multiple voltage generator circuit, so all LCD 
drive signals rise to the positive supply. To 
ensure ultra low power, the inputs should be 
near the power rails, and, if driven, OSC should 
be held high. During this condition memory is 
not lost, but the circuit will not respond properly 
to some instructions. See Table 1. 


Busy 

The busy state means the circuit is processing a 
previous instruction and cannot be given certain 
other instructions (see Table 1 for details). Busy 
status will appear on Bus 7 during all output 
instructions, (hex. code 81, 82, and 84). 


Rapid Load 

A “1” in this flag register stops the oscillator and 
resets the circuit. Each character load instruc- 
tion loads a character starting with the 31st 
location until the mode is terminated. Rapid load 
can be initiated at any time and creates a busy 
signal. The Rapid Load instruction needs 32 
loads to function properly. No other instructions 
should be given during a rapid load sequence. 
Rapid loading does not change the cursor 
location. 


OPERATING NOTES 


1. Oscillator eo) 

The on-chip oscillator is controlled by an 
external capacitor. The frequency must be 
high enough (at least 50KHz) to ensure a 
flicker free display. The recommended fre- 
quency is 82KHz for 64Hz update rate and 
1Hz blink rate. The typical capacitor value is 
50pf when using a 1mQ resistor. 


2. The Variable Resistor 

The variable resistor indicated in the system 
block diagram may not be necessary, but 
could assist in display drive optimization and 
is also meant to imply possible temperature 
compensation. The resistor may need 
Capacitor bypass. 


3. Input Signals | 

The 0550 will interface with signals that come 
from circuits with different power supply 
magnitudes, either higher or lower. The con- 
straints are (1) no signal should go more 
positive than the positive supply (therefore 
positive common is recommended) and (2) 
input levels must be satisfied. Input swings 
which are more negative than supply are 
allowed and input levels are biased toward 
the positive supply. Note that input levels are 
referenced to Vpp = (VCG — (—VDIs)). 


4. Power Supply Voltages 


Two negative voltages are supplied to this. 


chip. The microcomputer ground (—Vpys) is 
used for the low output level on the I/O bus. 
The negative display supply (—Vpjs) is 
chosen to give proper levels to the LCD. 
—VpIS must be equal to or lower than 


—VBUS. 


5. Initialization | 
This circuit doesn’t power up in a particular 
state. The recommended power up sequence 
is a reset busy instruction (not necessary if a 
long busy time period is allowed to pass), 
setting of all display control flags, and a clear 
instruction. 


6. Cascading Chips | 

lf a display of over 32 characters is being 
driven and row lines are shared, two 0550’s 
can be synchronized by giving them a fast 
load instruction simultaneously, and driving 
their oscillator pins with a common signal. The 
row drivers of one 0550 need not be used. 


7. RMS Drive Voltages 
The RMS voltages supplied to the LCD by the 
0550 and 0551 Chip Set are as follows: 
VDD = voltage across chip, (VCCt+VDISs) 
VRMS on =.424 Vpp 
VRMS Off = .293 Vpp 


Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed by Hughes 
for its use; nor for any infringements or patents or other rights of third parties which may result from its use. No license is 
granted by implication or otherwise under any patent or patent rights of Hughes. 
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Intelligent Dot Matrix 
LCD Controller/Driver Kit 


DESCRIPTION 


Hughes’ Intelligent Controller Evaluation Kit allows ease of design by providing a p.c. board 
with a complete interface circuit between 16 character dot matrix Liquid Crystal Display and 
the Hughes’ 0550/0551 Intelligent LCD Controller/Driver. 


The p.c. board provides extra space (wire wrap) for users interface. Control of the display is 
handled through an 8 bit bi-directional I/O port. Completed circuit handles character decode, 
display manipulation, cursor control and all drive functions including refresh and generation of 


multi-level AC waveforms. 


FEATURES 


e Low power CMOS circuitry 

with power down mode 
Microprocessor compatible 

parallel interface 

5 x 7 dot matrix; 16 character display 
ASCII input format 

Generation of all drive waveforms 
Cursor control 
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Display manipulation, Instruction to 
accomplish shift, rotate, blank, blink, 

fast load, and power down 

Instructions to control output of characters, 
cursor position, display control flags, and 
busy status, etc. 

11%" x 2%" p.c. board with users circuit 
space 

Low cost 


P.C. BOARD OUTLINE DRAWING | 


- 


DOT MATRIX LCD .950” 
2.750” 


ae 


11.750"— 


Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed by 
Hughes for its use; nor for any infringements or patents or other rights of third parties which may result from its use. 
No license is granted by implication or otherwise under any patent or patent rights of Hughes. 
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1800 CMOS Microprocessor Family 
256 x 4 Static RAM 


256 x 4 Static RAM — 1822C 


DESCRIPTION 


Hughes’ 1822C is a static CMOS Random Access Memory organized as 256 words of 4 bits. The 
1822C has separate data inputs and outputs and operates over a 4-6.5 voltage supply, (Vpp). 


Two chip selects (CS 1 and CS 2) are provided to simplify expansion within a memory system. The 
Output Disable (OD) signal controls the output data disabling and is useful in Wire — OR 
connections and Common Input/Output systems. 


The address is decoded on the chip to access a four bit data word. When the chip is selected 
(CS 1 =low and CS 2= high) and the Output Disable signal is low (VSs), the accessed data appears 
on the data output lines (DO 0-DO 3) and remains until OD goes high or the device is deselected 
(CS 1 = high or CS 2 = low). After valid data appears, the address inputs may be changed 
immediately to select another data word. 


To write information, a valid address and data word is presented to the 1822C with the memory write 
enabled (R/W = low), and the chip selected. When using a common input/output data bus, the 
Output Disable signal must be high. 


The 1822C is available in a 22 lead hermetic dual-in-line ceramic package (D suffix), plastic 
package (P suffix), cerdip (Y suffix), or leadless chip carrier (L suffix). Devices in chip form (H suffix) 
are available upon request. 


FEATURES 

@ Static CMOS Circuitry @ Low Quiescent and Operating Power 
@ Interfaces Directly to 1802A Microprocessor @ No Precharge or Clock Required 

@ Fast Access Time @ Industry Standard Pinout 


250ns at Vpp = 5V 


FUNCTONAL DIAGRAM PIN CONFIGURATION 
MAO MA1 MA2 MA3 1° 
4] 3 2 1 2 
19 3 
BUFFER AND cs CS 1 4 
DECODER DECODER cso : 
6 
MA4& i 
Vpp = 22 
MA 5 : ae 
MA 6 
Vss =8 
MA 722 SS 
— 20 INPUT | OUTPUT 18 
add BUFFER 3-STAGE DRIVE ce 
9} 11] 13] 15 10/ 12] 14] 16 
DIO DI1 DI2 DI3 DOO DpO1 DO2 DO3 
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ABSOLUTE MAXIMUM RATINGS : | oe NOTE: Stresses above those listed under “Absolute 
Operating Temperature Range (TA) | sf _ Maximum Ratings” may cause permanent damage 
Ceramic Package ...............006. —55to+125°C __. to the device. This is a stress rating only and 

Plastic Package | —40to+ 85°C _ functional operation of the device at these or any 


other conditions above those indicated in the 
DC Supply-Voltage Range (Vpp) operational sections of this specification is not 


(All Voltage values referenced to VSS terminal) | | implied. Exposure to absolute maximum rating . 
1822C ..... irae ost ae eae We tewaeGyes — 0.5 to + 7 Volts conditions for extended periods may affect device | 
Storage Temperature Range (Tstg) ..... . —65to + 150°C reliability. | 


High-Level, VOH 


| — | of | 5 | 
Low-level, VOL 0,5 5 0.1 Vv 
| os | | 5 


Input Low Voltage, VIL 05.45 |  — | ce ee eee eer cell 
input High Voltage, VIH 0545 | — een oe ee 


Output Low (Sink) : 
Current, lOL 0,5 5 1.6 2.6 mA 


fe SO He Oe en it eat!” oa 

| _3-State Output Leakage CurrentiouT = | S| lS TE CT Ct 

| Operating Current2,ipp1 | Cam 
Output Capacitance, COUT 5 7.5 


DATA RETENTION CHARACTERISTICS at Ta = — 55 to + 125°C; See Timing Diagram 


| _Minimum Data RetentionVoltage, voR_ | 
j— Bets Retention Quiescent Gurren (oo —____f}__ 2 et 
Chip Select to Data Retention Time, CDR a 2 a Sp Ee 
Recovery to Normal Operation Time, tRC a ae eee eee a eet ee 
. NOTES: 1. Typical Values are for TA = + 25°C and nominal Vpp. 2. Outputs are open circuited; cycle time = 1 us. 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = — 55°C to + 125°C, VDD + 5%, tr, tf = 20ns. See Timing | 
Diagram | 


Read Cycle Times 
Read Cycle, tRC 


BSS 
o1 
Oo 
ie) 
j=) 
Oo 


5 eS eee 

| Accesstrom Address tapA | 250 450 
| Output Valid from Chip-Select 1.tpoa1, = | | tT 450 
|__ Output Valid from Chip-Select2,tpoa2 | 450 
|__ Output Active from Output Disable tpoag_ | | 00 | 
|__Output Hold from Chip-Select 1.tponi | | ts 
——Quputtiols tom Chip Selec 2, bone —____f_§__}_gg__}__=_}_—____ss__ 

Output Hold from Output Disable, tDOH3 en eee eee See ee ee eee eet eee ee 


Write Cycle Times 


500 300 = | ons | 

a 
Write Recovery, WR ee een ee eae ee eee 
Write, Width, twRw 2} 80} 
Data input set-up, tD1S 5 250 a a a eee 
Data input Hold, tDIH ae ae ee eee ee ee a eee ee ee 
Chip Select 1 Set-up, C81 250 100 ee ee er ee 

250 ae es eee ee ee ee 
Output Disable Set-up toDs 5 200 eens De ees ar ee 


NOTES: 3. Time required by a limit is to allow for the indicated function. 
4. Typical values are for TA = + 25°C and nominal VDD. 
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TIMING DIAGRAMS 


Read cycle waveforms and timing diagram. 


tRC 


Ao-aA7 “4//» 


ne t 
CHIP SELECT1 7“ | maga froonr $s 
ees 
/ 
CHIP SELECT 2 (JA ‘DOA2 A, 
(DOA3 
OUTPUT DISABLE 


READ/WRITE //7 
t 
a HIGH 
HIGH IMPENDANCE SATA OUT IMPEDANCE 
VALID 


DATA OUT 


Write cycle waveforms and timing diagram. 


twc 
twr 


soar ZK 
CHIP SELECT 1 7/0 VIE. 
CHIP SELECT 2 YJ Ce, 


N 


DI1-DI4 hss — | — sh 


Yr DON’T CARE 
READ/WRITE WA, CONDITION 


NOTE 5: tops is required for common I/O operation only; 
for separate I/O operations, Output Disable is Don’t Care. 


Low Vpp data retention waveforms and timing diagram. 


DATA RETENTION 
MODE 


0.95 VDD 0.95 Vpp 
VDR 


re 


tRC 


VIH 


Vit. VIL 


NOTE 6: ty, tp >1 uS 
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SIGNAL DESCRIPTION | 


MA 0-MA 7: The eight input address lines select one of 256 four bit words. They are statically | 
decoded on the chip to access the memory array. 


DI 0-D! 3: These four data inputs are read into the memory when the chip is selected and the 
Memory Write control (R/W = low) is asserted. : | 


DO 0-DO 3: These four data outputs reflect the accessed data when the chip is selected and the 
Output Disable control is inactive (OD = low). 
CS 1, CS 2: These two input chip select signals enable the RAM when CS 1 is low and CS 2is high. 


OD, R/W: These two input controls determine the mode of memory operation. Output Disable signal 
(OD) is inactive when performing a Read operation and enables the Data Output (DO 0-DO 3) 


three-state drivers. The Memory Write signal (R/W) is activated to perform a Write operation. A 
detailed control table follows: 


OPERATIONAL MODES 


oe 
wits 
Cwite 


Logic 1 = High; Logic 0 = Low; X = Don’t Care 


NOTES: 1. When using an 1802A CPU controlled system, MWR is connected to R/W and MRD is connected to OD. 
2. For T2L interfacing an external pull-up is recommended at each input. 


Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed by Hughes 
for its use; nor for any infringements or patents or other rights of third parties which may result from its use. No license is 
granted by implication or otherwise under any patent or patent rights of Hughes. 
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1800 CMOS Microprocessor Family 
128 x 8 Static RAM 


128 x 8 Static RAM — 1823C 
DESCRIPTION 


Hughes’ 1823C is a static CMOS Random Access Memory organized as 128 words of 8 bits. The 
1823 has 8 common data input and output terminals and operates over a 4-6.5 voltage supply, 
(VDD). 

Five chip selects (CS 1, CS 2, CS 3, CS 4 and CS 5) are provided to simplify expansion within a 
memory system. The Memory Read (MRD) signal controls the output data enabling and is useful in 
direct connection to a processor bidirectional data bus. 


The address is decoded on the chip to access an 8 bit data word. When the chip is selected (CS 2, 
CS3 andCS5 =lowand CS 1 and CS 4= high) and the MRD signal is low (Vss) the accessed data 
appears on the data output lines (DO 0-DO 7). They remain valid until MRD goes high or the device 
is de-selected. After valid data appears, the address inputs may be changed immediately to select 
another data word. 


To write information a valid address and data word is presented to the 1823C with the Memory Write 
enabled (MWR = low), and the chip selected. During a write operation, the MRD signal must be high. 


The 1823C is available in a 24 lead hermetic dual-in-line ceramic package (D suffix), plastic 
package (P suffix), cerdip (Y suffix) or leadless chip carrier (L suffix). Devices in chip form (H suffix) 
are available upon request. | 


FEATURES 

@® Static CMOS Circuitry @ Low quiescent and operating power 
@ Byte wide organization @ No precharge or clock required 

@ Interfaces directly to 1802A and most @ Industry standard pinout 


microprocessors. 


@ Fast access time 250ns at Vpp = 5V 


FUNCTIONAL DIAGRAM PIN CONFIGURATION 
ies BUFFER 16 x 8x 8 bese Le 
ve AND soe BUS 1 (| 2 
re DECODER BUS 2 3 

BUS 3 4 
MA 4 BUS 4 5 
MA 5 BUFFER DECODER BUS 5 6 
ae BUS 6 7 
MRD BUS 7 8 
MWR CS 1 

ost sz 
CS 2 CS 3 
CS3 V 
CS 4 SS 
CS5 
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| Input Voltage Range 


ABSOLUTE MAXIMUM RATINGS hee. : _ : ar NOTE-Stréssed above those listed under “Absolute, 


as) | Maximum Ratings” may cause permanent damage 
Operating Temperature Range (TA) ole oe eh con _ to the device. This is a stress rating only and 
Ceramic Package ................. ~55to+125°C =. functional operation of the device at these or any 
Plastic Package ................... ~40to + 85°C other conditions above those indicated in the 
DC SUPPLY—Voltage Range (Vpp) © E fea operational sections of this specification is not 
(All voltage values referenced to Vss terminal) a __ implied. Exposure to absolute maximum rating 
AB OBO: 4eicinss. artis Rin deaciber Se ne —0.5to+7 Volts — ponanlonStor extenged Periods ay aleckeevice 


: reliability. 
Storage Temperature Range (Tstg) .... —65to+ 150°C | 


OPERATING CONDITIONS at Tag = Full Package Temperature Range 


; 


| DC Operating Voltage Range 


STATIC ELECTRICAL CHARACTERISTICS at T, = — 55 to + 125°C, Vpp + 5% 
Quiescent Device Current, Ipp 


Output Voltage: 
Low-Level, VoL 


High-Level, Von 


Dw) 


; 


on 


Output Low (Sink) Current, lov za ee oe 
Output High (Source) Current, loy 
Input Current, ln ae 


3-State Output Leakage Current, iqyut 0,5 


Output Capacitance, Coyt 
DATA RETENTION CHARACTERISTICS at T 


Min. Data Retention Voltage, Vpr 

Data Retention Quiescent Current, Ipp 

Chip Select to Data Retention Time, Cpr 

Recovery to Normal Operation Time, tac 

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta 


Read Cycle Times (See Figure 1) 
Read Cycle, tac 

Access from Address; tana 

Output Valid from Chip Select, topo, 
Output Valid from Chip-Select, tpoa2 
Output Active from Memory Read, tan 
Data Hold from Chip-Select, tpoH1 
Data Hold from Chip-Select, topgHa 
Data Hold from MRD, tpoH3 | 
Write Cycle Times (See Figure 2) 
Write Cycle, two 

Address Set-up, tas 

Write Recovery, twp 


" 


NOTE: 1. Typical values are for Ta = + 25°C and nominal Vpp. 
2. Outputs open circuited; cycle time = 1 ys 
3. Time required by a limit is to allow for the indicated function. 
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TIMING DIAGRAMS 


CHIP SELECT 


CS 2,085 3,CS 5 


CHIP SELECT 
(CS 1, CS 4) 


MRD 


M 


DATA OUT 
(BUS 0-BUS 7) 


tDOA1 


YUN 
LI 


= 


1 an 


tAM 
HIGH IMPEDANCE 


Figure 1 — Read cycle waveforms and timing diagram. 


tRC 
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(TT Ligh 
FLLLLLL3 


= 


Uy, Ta 


twc 


H 1823C 


tDOH1 


HIGH 
IMPEDANCE 


0, a a 7 
EZZZ 


CHIP SELECT 
CS 2,08 3,CS5 


CHIP SELECT 
(CS 1, CS 4) 


——_—— 


D 


MR 


LG, 


M 


(Sa ae ORS] 
LLL 


EZ 


'DIH 


Wd 


DON’T CARE 
CONDITION 


Z 


Figure 2 — Write cycle waveforms and timing diagram. 


NOTE 6: ty, tt >1 pS 


Figure 3 — Low Vpp data retention waveforms and timing diagram. 


DATA RETENTION 


R 
tAS 
VDD 
0.95 Vpp 
ICDR ais t,3 
VIH 


MODE 


0.95 Vpp 


— 


VDR 
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tRC 


VIH 
VIL 


SIGNAL DESCRIPTION | 


MA 0-MA 6: The seven input address lines select one of 128 eight bit words. They are statically 
decoded on the chip to access the memory array. | “4 


BUS 0-BUS 7: These eight data lines are read into the memory when the chip is selected and the 
Memory Write control is active (MWR = low). They become data outputs and carry the accessed 
data when the chip is selected and the Memory Read Control is active (MRD = low). 


CS 1,CS2,CS3,CS4,CS5: These five input chip select signals enable the RAM when CS 2,CS3, 
and CS 5 are low and CS 1 and CS 4 are high. 


MRD , MWR: These two input controls determine the mode of memory operation. The memory read 
signal (MRD) is active when performing a Read operation and enables the Data Output 
(BUS 0-BUS-7) three-state drivers. The Memory Write signal (MWR) is activated to perform a Write 


operation. A detailed control table follows: 


OPERATIONAL MODES 


oI 


__BUS TERMINAL STAT! 


Storage State of Addressed 
Word 


Input High-lmpedance 


Stand-by 


Not Selected 


Logic 1=High LogicO=Low X= Don't Care 


High-Impedance 


High-Ilmpedance 


: 

ae 
7 
a 


NOTE: For T2L interfacing an external pull-up is recommended at each point. 


Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed by Hughes 
for its use; nor for any infringements or patents or other rights of third parties which may result from its use. No license is 
‘granted by implication or otherwise under any patent or patent rights of Hughes. 


HUGHES SOLID STATE PRODUCTS 


| 
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In Europe: Hughes Solid State Products 
500 Superior Avenue Hughes International Service Co. 
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Telephone (714) 759-2942 TWX: 910-596-1374 : Telephone 49-89-834. 7088 Telex: 5213856 HSPD Supersedes Previous Data 
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| H 1824 
! ! TE PROD 
| SOLID STATE PRODUCTS H 1824C 


Le | 
HHL ICs HH E SS ALF C RAE T COMPANY 


1800 CMOS Microprocessor Family 
32 x 8 Static RAM 


32 x 8 Static RAM — 1824 


DESCRIPTION 


Hughes’ 1824 is a static CMOS Random Access Memory organized as 32 registers of 8 bits, and 
contains a common bi-directional three state data bus enabled by the Memory Read (MRD) signal. 
Data is written into the RAM when the chip is selected (CS = 0) and the Memory Write (MWR) signal 
is asserted. Data is accessed by decoding the address lines and is transmitted onto the data bus 
when CS and MRD are enabled. The 1824 is fully decoded and does not require a precharge or 
clocking signal. This RAM may be used to provide a data stack or buffer storage for small systems. 


The 1824 operates over a 4-10.5 voltage supply while the 1824C operates over a 4-6.5 voltage 
supply. The 1824 is available in an 18 lead hermetic dual-in-line ceramic package (D suffix), plastic 
package (P suffix), cerdip (Y suffix) or leadless chip carriers (L suffix). Devices in chip form (H suffix) 
are available upon request. 


FEATURES PIN CONFIGURATION 


Static Silicon Gate CMOS Circuitry 


Interfaces Directly to 1802A Microprocessor 
without Additional Components 


@ Access Time 
400ns typical at VDp = 5V 
200ns typical at Vpp = 10V 


Single Voltage Supply 


, 
2 
3 
4 
5 
6 
7 
8 
9 


@ Low Quiescent and Operating Power 
No Precharge or Clock Required 


FUNCTIONAL DIAGRAM 


MA 3 
MA 2 | 
ee ADDRESS | = 32 x 8 BIT 
MA 0 DECODER bel ARRAY 
MWR MRD 
CS 
VppD - 18 
Neo = 2 BUS BUS BUS BUS BUS BUS BUS BUS 
, iG 8 4-3 235 4. o 
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Operating Temperature Range (TA) | 


ABSOLUT E MAXIMUM RATINGS a | ae | NOTE: Stresses above those listed under “Absolute 


Maximum Ratings” may cause permanent damage 


Ceramic Package ..............45. SBeigw 125°C: tO Me Cevice i ie le @ uses Tanna only ene 
| 2. | - as te _ functional operation of the device at these or any 
Plastic Package ............ Smears Aue — 40 to + 85°C <4 . @ihier Conditions above those: indicated in he 
DC Supply — Voltage Range (VDD) a a | operational sections of this specification is not 
(All voltage values referenced to VSss terminal) | _ implied. Exposure to absolute maximum rating 
VO 24 5c tas tb sa oiienabataiera avatars w..ee 0.5 to + 13 Volts conditions for extended periods may affect device 
18240 scpeuereiesa ces Uhesaweatee = 0.510 1 Volts pela onty: 


Storage Temperature Range (Tstg) .... — 65to + 150°C 
OPERATING CONDITIONS at Ta = Full Package Temperature Range Unless Otherwise Specified 


CH 


Supply Voltage Range 
Recommended Input Voltage Range 


Input Signal Rise and Fall Time, tr, tr, 


xc 


STATIC ELECTRICAL CHARACTERISTICS at Ta, = — 40 to + 85°C, Vpn + 5% 
Quiescent Device Current, I | — | — [| 5 | — [{ 50 [| 10 {| — [ 250 | 500 | v) A 
a ee es 
Output Voltage 06. iles2s on eet se 0.1 Oe) || 0s. 
Low Level, VoL a 
Mighiiavel'Vaie P— [ 5s [ae [6 [| — [aes {os [ | 
P= [ w [es [ wo | —~ [ —{ — | —| 
pur velo hoses | 6 fo) el ie ee | 
Low Level, ViL Paa [| wo | — [| os [| =f == 
High Level ronas | 5 | a5 | — | — | as | — | - | 
Output Drive Current odo ee ee ee | ae ee 
N-Channel (Sink) IpN foi [os | wo | 36 [as [= [a 
Ser are Sa = a eS De 
input Leakage, I. Ii ant ee ee ee 21 Se a WA 
3-State Output Leakage Pos | os | 5 | — | #02 | s2 | — | so2 | 22 
Current lout 016 [oi [| wo | — | 202 [| 22 | — | —-[ — | PA 
pF, Rt Q 


Read Operation 


| em co eH ES SF mio | — | 400 | 710 _ | 
Address Change, twa (=e es (Pe a 
Access Time From a ee ee ee ae a ee ae 
Chip Select, tac” a ee ee ee er 
MRD, tan? 10 150 320 
Write Operation 
| Write Pulse Width, tyyyy | — | 5 | 39 | 200 — | 39 | 20 | — | 
ae ae ee a ee ee eee ee 
Data Setup Time, tpg Se ae 
| BasomeTinos ee Cae ne a ae ee ee ee 
OO nt ee ee ee: 
aa ae ee ee ee ee ee 
tO ee re ee ee 
Adurase Sop Timetas See ee ee ee 
7 LA wee Ae 2 eee eee ee 
ae ee ae ee Oe ee ee ee 
Power Dissipation, Pp ae ae a ee ee ee ee ee ee 
(Chip Selected) es ee ee ee ee ee ee ee ae 


NOTE: 1. Typical values are for Ta = + 25°C and nominal Vpp 
2. tac and tay are given as minimum times for valid data outputs. Longer times will initiate an earlier but invalid input. 
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TIMING DIAGRAMS H 1824/1824C 


Read Operation 


Write Operation 


paaemeres {AH as 


MWR 


BUS XK VALIDDATA x DATA 
CZ , me 
Don’t care condition. 


The dynamic characteristic table and the above timing diagrams represent maximum performance capability of 
the 1824. When used in direct system interface with the 1802A microprocessor, the timing relation will be 
determined by the clock frequency and timing signal generation of the microprocessor. In the latter case the 
following general timing conditions hold. 


tWW = 2tc tAH=1.0tc tag =4.5tc 
'DH = 1.0tc Data transfers from 1802A to Memory 
tDS = 5.5tce 


MRD occurs one clock period (tc) earlier than address bus MA 0-MA 7 
tc = 1/1802A clock frequency 


: DATA RETENTION 
MODE 


0.95 Vpp 0.95 Vpp 


“CHARACTERISTICS —_| conDITIons | VDD 


'CDR i * . 'RC 
Data Retention Quiescent = 25 oe Bas t,* tf sa 
Current, Ipp ; e 


Chip Deselect to Data _ 

Retention Time, tcpr VDR = 2.5V 1 
Recovery to Normal Vena Sav *tr, te > 1 us 

Dpetaton: Mmen tac 0 Low Vpp data retention waveforms and timing diagram. 


Data Retention Voltage, VpR VDR 


SYSTEM INTERCONNECT 


ADD @ BUS , ADD @ BUS 


tes 
ae 
as 


* —— 
CEO CS 
| ee 
8 BIT BI-DIRECTIONAL DATA BUS : 
*Chip select may be derived through (1) address decode, (2) CEO signal from ROM, or 
(3) always enabled (GND) per system requirements. 


MA 0-MA 4 


1831 ROM 1824 RAM 1802A CPU 


Fora microprocessor system requiring a minimal amount of writable storage, the 1824 can be used 
as an adequate scratch pad memory and as stack storage for a wide range of control applications. 
No additional interface elements are required. 


SIGNAL DESCRIPTION 


MA 0-MA 4: These five input address lines select one of 32 eight bit words. They are statically 
decoded on the chip to directly access the register array. 


BUS 0-BUS 7: These eight bi-directional three state data lines form a data bus common with the 
1802A microprocessor. Data is written into the RAM or read from the RAM through these lines. 


MRD, MWR, CS: These three control signals determine chip selection bi-directional data control 
and operation of the chip when activated as follows: 


MRD = Memory Read 
MWR = Memory Write 
CS = Chip Select (allows memory expansion) 


Read Output Mo 


Write Input Mode 
Not Selected High Impedance Mode 
Standby High Impedance Mode 


Logic 1 = High Logic 0 = Low X = Don’t Care 
NOTE: MRD overrides MWR 


Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed by Hughes 
for its use; nor for any infringements or patents or other rights of third parties which may result from its use. No license is 
granted by implication or otherwise under any patent or patent rights of Hughes. 
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' HUGHES | SOLID STATE PRODUCTS H 1831/1833 
or H 1831C/1833C 


1800 CMOS Microprocessor Family 
Static ROM 


512 x 8 Static ROM — 1831 
1024 x 8 Static ROM — 1833 


DESCRIPTION 


Hughes’ 1831 and 1833 are static CMOS Mask Programmable Read Only Memories. The 1831 
and 1833 respond to a 16-bit address time multiplexed on the 8 address lines (MA 0-MA 7). 


The eight most significant address lines are latched on chip by the clock input. This ad- 
dress may be decoded by a mask option to allow the 1831 to operate in any 512 word area, 
and the 1833 in any 1024 word area within the 65,536 byte memory space. In addition, three 
chip select signals may be decoded for simplified system interfacing. The Chip Enable Out- 
put (CEO) is activiated when the chip is selected and can be used as a disable control for 
the small RAM memory systems. Data is accessed from the memory by decoding the Aa- 
dress inputs and enabled on the data bus by the two Chip Selects (CS2 and CS$1), the 
Memory Read (MRD) and the upper address decode. The CEI signal may be used as an addi- 
tional control of the ROM selected output signal, CEO, on the 1833. 


The 1831 and 1833 operate over a 4-10.5 voltage range while the 1831C and 1833C operate 
over a 4-6.5 voltage range. The ROMs are available in a 24lead hermetic dual-in-line 
ceramic package (D suffix), plastic package (P suffix), cerdip (Y suffix) or leadless chip car- 
rier (L suffix). Devices in chip form (H suffix) are available upon request. 


FEATURES 


e Static Silicon Gate CMOS Circuitry e Single Voltage Supply 

e Interfaces Directly with 1802A e Low Quiescent and Operating Power 
Microprocessor without Additional e Static — No Clocks Required 
Components e Chip Select and Address Location 

e Access Time Within 64K Memory Space, Mask 


850ns Typical at Vp 5V Programmable 
350ns Typical at Vop 10V 


BUS 7 
BUS 6 
BUS 5 
BUS 4 
BUS 3 


FUNCTIONAL DIAGRAM PIN CONFIGURATION 
a sus 3 vo 
MA 6 
MA 5 ier 2 CLOCK 
nie ADDRESS | BUS 4 3 NCICEI 
MA 3 LATCHES, STORAGE OUTPUT BUS 3 : = : 
MA 2 per ee ARRAY BUFFERS oeee - 
MA 1 DECODER BUS 1 6 MRD 
MA 0 BUS 0 7 CEO 

9 


BANK 
SELECT 
DECODE 


MRD 19 
20 


a ae eae 


CS 1 


CEO 


*CEl 


Vop = 24 Vpp = 12 * No Connection on 1831 
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ABSOLUTE MAXIMUM RATINGS 
Operating Temperature Range (TA) | 
Ceramic Package ............ —55 to +125°C 


NOTE: Opec ine: the device above the “Ab. 
; solute Maximum Ratings” may cause perma-. 
Plastic Package Pe eee rg, aes —40 to + 85°C nent damage to the device. This is a stress 
DC Supply-Voltage Range (VpD) | rating only and functional operation of the 
) + ae . device at these or any other conditions above 
(All voltage values referenced to Vss terminal) those indicated in the operational sections of — 
1831/1833 Se ee see ~—0.5 to +13V this specification is not implied. Exposure to 
1831 C/NB33C -6 0 owen Ba eee —0.5to +7V absolute maximum rating conditions for ex- 
Storage Temperature Range (Tstg) _. —65 to +150°C | tended periods may affect device reliability. 


OPERATING CONDITIONS at Ta = Full Package Temperature Range Unless Otherwise Specified. 


Supply Voltage Range (At Ta = Full 
Package Temperature Range) 4 10.5 4 6.5 10.5 4 6.5 


Clock Pulse Width (TPA), tpaw - {_8 | 200 | — | 200 


fame ee 

ae | 

| Jtecrse how Tinea tg | sp “ns 
ia a | = 


ELECTRICAL CHARACTERISTICS at TA = —40 to + 85°C, Vpp =+ 5% except as noted 


< 


m5) 
© 
3) 
fe) 
3 
=| 
® 
5 
a 
© 
for 
=I 
oO 
= 
< 
Oo 
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© 
a 
® 
UU 
» 
= 
Q 
@ 
a 
ie) 
Y 
< 
UO 
Oo 
é 
7) 
ep) 
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0 
é 
Y 
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< 
O 
oO 
é 
op) 
” 
< 
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UO 
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STATIC 


oa] zoo] — foo| so { — fore] am. 


Output Drive Current, 
N-Channel (Sink), IpN 


eae eee 
ie ae ee 
Output Voltage P= fs | - [oe foo [= [0 [os — fo Joos [= [o [ons 


Low Level, VoL 


pape pe ee 
Output Voltage Sa 4.95 HS] = [495] s |= [aes fs | a 
igh Level, Vou Coe 

aes 


Input Leakage Current, 
No WH 
3-State Output Leakage 


Current, lIoUT 


* Typical values are for Ta = 25°C and nominal Vpp 
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ELECTRICAL CHARACTERISTICS, Cont. H 1831/1833 


oo a CHARACTERISTICS 


DYNAMIC: tr ty = 10ns, a = 50pF, AL = 200 KO 

Access Time From Address eee ee 

orange ta T= [0 |= [oso aon f= [= | = [= Yo [ as or 
Access Time From Chip pia ee 

Stet, tos SOC ese ek 
CEO From Address 500, eee 

onange ts Se Se es ens es 
es —— eee eae 


‘D [ee do teh a Se eee ee 
penne SaaS SS ae eae se 


ee ee i ee eee 
Read Delay, | = | 8 | — | 300| 500 | - | 300 | 500 | — | 400 | 500 | — | 400 | 500 | 


tWRD Sef ea ede 
Chip Select Delay, |5 | — | 600 | 750 | ~ | 600 | 750 | ~ | 250 | 320 | ane. 


s Boe oSeeee 
Chip Enable Output Delay ee CEE ee 
Tie From CS, 0 pe Pe [= foo f= T= f= T= fe =f = 
Power Dissipation, Pp p= | 5 |- [is |- [- || - |- || - | - | | - | 
cle tine = 254 Sper gesescceeers nM 


* Typical values are for Ta = 25°C and nominal Vpp 


TIMING DIAGRAMS 1833... 
0s LY MME Ser 


tcS 
MA QL OD LO: MA QOL OK LOL 
CLOCK r : tA taS [Ls 
ae —tPaw-] _H-taH = MUX (TPA) = 
MRD tPA ——tAH 
IGO=- MBD {MRD 


BUS Wi le) 


CEO 
= Se 
HIGH IMPEDANCE 


A Valid Data. OUTPUT VALID =S1GA 
Longer Time Will AINE) aA CEO 
Initiate An Earlier tp-+ ane 
But Invalid Output 
BUS CMLL 


H.O. = High Order Address OUTPUT VALID 
L.O. = Low Order Address Zi INVALID OR DON’T CARE CONDITIONS = ACTIVE DATA 

The dynamic characteristic table and the above timing diagrams represent maximum performance 

capability of the 1831/1833. When used in direct system interface with the 1802A microprocessor, the 

timing relation will be determined by the clock frequency and timing signal generation of the 

microprocessor. In the latter case the following general timing conditions hold: taH = 0.5tc 

tPAW = 1.0tc 
MRD occurs one clock period (tc) earlier than address bus MAO — MAS. 
= 1/1802A clock frequency. 
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SYSTEM INTERCONNECT — CLEAR WAIT 


SIGNAL DESCRIPTION 


MA0—MA/7: High order byte of a 16-bit memory address appears on the memory address 
lines (MAO—MA 7) first. Those bits required by the memory system are strobed into internal 
address latches by Clock (TPA) input. The low order byte of 16-bit address appears on the 
address lines after the termination of TPA. 


BUSO — BUS/7: These eight bi-directional three state data lines form a common bus with 
the 1802A microprocessor. 


CLOCK (TPA): A timing signal from 1802A microprocessor (trailing edge of TPA) is used to 


latch the high order byte of the 16-bit memory address. The polarity of TPA is user mask pro- 
grammable. | | 


CS1, CS 2, MRD: Chip Select and Memory Read (output enable) signals. The polarity of the 
chip select signals are user mask programmable. 


CEO, CEI: Chip Enable Output signal (CEO) is high when either the chip is selected or CEI is 
high (1833 only). CEO and CE]! can be connected in daisy chain operation between several 
ROMs to control selection of RAM chips in a microprocessor system without additional 
components. The polarity of CEl is user mask programmable in the 1833. 


ORDERING INFORMATION 


Contact Hughes for prices and other information relating to ROMs. ROM order forms and 
instructions concerning means of data conveyance are available from Hughes Solid State 
Products or Hughes’ Representatives. 


.. Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed 
by Hughes for its use; nor for any infringements or patents or other rights of third parties which may result from 
its use. No license is granted by implication or otherwise under any patent or patent rights of Hughes. 
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7 H1832/1834 
‘ H1832C/1834C 


=) 
HUGHES AIRCRAFT COMPANY 


1800 CMOS Microprocessor Family 
Static ROM © 


512x8 Static ROM — 1832 
1024x8 Static ROM — 1834 


DESCRIPTION 


Hughes’ 1832 and 1834 are static CMOS Mask Programmable Read Only Memories. When an 
address is presented on lines MA 0-MA 8 (1832) or MA 0-MA 9 (1834) the decoded word 
location is accessed and presented to the output sense amplifiers. This 8-bit word is enabled 
onto the lines by the CS signal in the 1832, or the CS 1 and CS 2 signals in the 1834, which can 
be used for memory expansion. The 1832 is a pin-for-pin compatible replacement for the 
2704/8704 PROMs while the 1834 is a pin-for-pin compatible replacement for the 2708 PROM 
or 2308 ROM. 


The 1832 and 1834 operate over a 4-10.5 voltage range while the 1832C and 1834C operate 
over a 4-6.5 voltage range. The ROMs are available in a 24 lead hermetic dual-in-line ceramic 
package (D suffix), plastic package (P suffix), cerdip (Y suffix) or leadless chip carrier (L suf- 
fix). Devices in chip form (H suffix) are available upon request. 


FEATURES 


e Static Silicon Gate CMOS Circuitry e Single Voltage Supply 
¢ Compatible with 1802A microprocessor ¢ Low Quiescent and Operating Power 
at maximum speed e Static — No Clocks Required 
e Access Time — 1832 ¢ Functional Replacement for Industry 
850ns Typical at Vpop = °V Standard 2704 (512 x 8) PROM or 
400ns Typical at Vpp = 10V 2708 (1024 x 8) PROM 
e Access Time — 1834 
575ns Typical at Vpop = 5V 
350ns Typical at Vop = 10V 
FUNCTIONAL DIAGRAM PIN CONFIGURATION 
MA 0 : 
wes 7 BUS 7 je Vpp 
5 ae 2 MA 8 
MA 3-5» BUFFERS er BUS 5 
MA 4 & GE OUTPUT BUS 4 3 NC/MA 9 
3 ARRAY BUFFERS 
MA S —->| DECODERS} BUS 3 : NC 
sa : ; BUS 2 5 CS/CS 1 
BUS 1 
23 6 NC 
MA 8 BUS 0 
MA 9*—2 7 NCICS 2 
8 BUS 7 
ao ** 20 BUS 6 
CSICS 1 CS 
BUS 4 
*No Connection on 1832 BUS 3 


**CS on 1832, CS1 on 1834 
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ABSOLUTE MAXIMUM RATINGS 


Operating Temperature Range (TA) | NOTE: Opatiine the gevies above the “Ab- 
Ceramic Package ............. , —55 to4+125°C _ solute Maximum Ratings” may cause perma: 
Plastic Package ............... —40 to+ 85°C ~ rae can 2 ie oe This is a stress |. 

| i nly and functional operation of 

DC Supply-Voltage Range (Vpp) | . : device at these or any other sonditions ae 

(All voltage values referenced to Vss terminal) : those indicated in the operational sections of 
VW632/1 634 5 oo 8A ale neg ee —0.5 to+13V this specification is not implied. Exposure to 
1832C/1834C 1.00... c eee eee eee —0.5to+ 7V absolute maximum rating conditions for ex- 

Storage Temperature Range (Tstg) 65 to +. 150°C tended periods may affect device reliability. 


OPERATING CONDITIONS at Ta = Full package temperature range unless otherwise specified 


STATIC 

Supply Voltage Range (At Ta = Full 
Package Temperature Range) 

Recommended Input Voltage Range 


STATIC 


ee eae NEN Ie ACT TE IER Ce REC IT Bee 
JOuiescent Device Curent, f=} Sf =_\aot so | =_[oce Lawn | —_tot so = oe 200 


Output Drive Current jo4 | 5 [oss | — | — [o8s} — | - | 08 | - | — | os | ae 


N crannelisiasb oN Rata Corea a eee ee eee 
P-Channel (Source), IpP pas | 5 ossl = | = Fas ies eile 8 | eo hse Osi ea 


Output Voltage 


Low Level, VoL. 
Output Voltage 


<e) 
o 
= 
oO 


High Level, VOH 
Input Leakage Current 
No WH 


2 
oO 


ak —_ — —_ 


3 State Ouput Leakage 


Current, lout 0,10 


Access Time From Address 
Change, taa 
| Access Time From Chip 
Select, tac 
Chip Select Delay, tcs 


Power Dissipation, Pp 
Cycle Time = 2.5ys 


oll Eas 
Ce) 
oO 


mah as oonh —_ 


* Typical values are for Ta = 25°C and nominal Vpp 
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TIMING DIAGRAMS H 1832/1834 


1832 
Cs 
MA 
tAC 
—tAA 
eS 
HIGH IMPEDANCE 
BUS . 
OUTPUTS VALID DATA 
ACTIVE 
1834 
cs 
MA 
TAA 
tAC 
cs 
HIGH IMPEDANCE 
OUTPUTS VALID DATA 
ACTIVE 


INVALID OR DON’T CARE CONDITIONS 


FUNCTIONAL OPERATION 


_ These ROMS are completely static (no clocks are required). Decode of the input address selects a word 
_ from the storage array. The chip select signal enables the selected word to appear on the output bus 


line. 
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SYSTEM INTERCONNECT _ 


CONTROL 


SIGNAL DESCRIPTION 


MAO0-MAQ9: These address lines, MAO-MA8 (1832) or MAO-MAQ (1834), select a decoded 
word. 


BUSO-BUS7: These eight bi-directional three-state data lines form a common bus with the 
1802A microprocessor. 


CS, CS1, CS2: These chip select signals are provided for memory expansion. Outputs are 
enabled when CS = 0 in the 1832, while the polarity of CS1 and CS2 are user mask pro- 
grammable in the 1834. 


ORDERING INFORMATION 


Contact Hughes for prices and other information relating to the ROMs. ROM order forms 
and instructions concerning means of data conveyance are available from Pgnes Solid 
State Products or Hughes’ representative. 


Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed 
by Hughes for its use; nor for any infringements or patents or other rights of third parties which may result from 
its use. No license is granted by implication or otherwise under any patent or patent rights of Hughes. 


L 7 
HiJGHES AIRC RAF T COMPANY 


in Europe: Hughes Solid State Products 
500 Superior Avenue hs Hughes International Service Co. - Printed in U.S.A. 
Newport Beach, CA 92663 Schmaedel Str. 22, 8000 Munich, Germany Rev. NIC 6/83 
Telephone (714) 759-2942 TWX: 910-596-1374 . Telephone: 49-89-834. 7088 Telex: 5213856 HSPD Supersedes Previous Data 
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| ‘SOLID STATE PRODUCTS H 1835 
| HUGHES | : | -  -H1835C 


=) 
HUGHES AIRCRAFT COMPANY 


1800 CMOS Microprocessor Family 
2048 x 8 Static ROM 


2048 x 8 Static ROM—1835 
DESCRIPTION 


Hughes’ 1835 is a static CMOS Mask Programmable Read Only memory. The 1835 responds to a 16 
bit address time multiplexed on the eight address lines (MA 0-MA 7). The eight most significant 
address lines are latched on chip by the Clock input’s negative transition. This address may be 
decoded by mask option to allow the 1835 to operate in any 2048 byte area within the 65,636 byte 
memory space. In addition, three chip select signals may be decoded for simplified system 
interfacing. The Chip Enable Output (CEO) is activated when the chip is selected and can be used as 
a disable control for small memory systems. The CEI signal may be used as an additional control of 
the ROM selected output signal, CEO. Data is accessed from memory by decoding the Address 
inputs and enabled on the data bus by the two Chip Selects (CS 2 and CS 1), the Memory Read 
(MRD) and the upper address decode. The polarity of the CS 2 and CS 1 signals are mask 
programmable. 


The 1835 operates over a 4-10.5 voltage range while the 1835C operates over a 4-6.5 voltage range. 
The ROMs are available in a 24 lead hermetic dual-in-line ceramic package (D suffix), plastic 
package (P suffix), cerdip (Y suffix) or leadless chip carrier (L suffix). Devices in chip form (H suffix) 
are available upon request. 


FEATURES 


Static CMOS Circuitry @ Single Voltage 
Interfaces Directly with 1802A @ Low Quiescent and Operating Power 
Microprocessor without Additional @ No Clocks Required 
Sonne @ Chip Select and Address Location within 
e Access Time 64K Memory Space, Optionally 
900ns Typical at VDD = 5V Programmable 


500ns Typical at Vpp = 10V 
FUNCTIONAL DIAGRAM PIN CONFIGURATION 


ADDRESS 
CHANGE 
CIRCUIT 


eae 


mL he 


i 3 LATCHES 


MAO-7 8 |) 


Y DECODE/ 
LATCH 
THREE STATE 
DRIVERS 


INPUT BUFFERS 


| Y DECODE 


4 
2 
3 
4 
5 
6 

17 
8 
g 


G 
—_— Da ect ie 
ot} 
HIGH ORDER 
E/ 


I 
DECOD 
LATCH 
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ABSOLUTE MAXIMUM RATINGS 


| Note: Stresses above ‘those listed under 


Operating Temperature Range (Ta) . . “Absolute Maximum Ratings” may cause 

.. Ceramic Package ...... soc Ssalaypemasedes — 55 to + 125°C “sue imnanent Gamage lo tne Orviee hls ise 

gt Saat cae . | : | no af stress rating only and functional operation of 

“ Plastic Package ........... ehathse atari ts — 40 to + 85°C the device at these or any other conditions 
DC Supply-Voltage Range (VDD) ts 7 - above those indicated in the operational | 
(All voltage values referenced to Vss terminal) | | sections of this specification is not implied. | 

iOS: dutaesanaamnaemmelemsanseaiees —0.5to+11Volts Exposure to absolute maximum rating condi- 

WOSOG., ep tra: tare vans suede aes 1... — 0.5 to + 7Volts tions for extended periods may affect device 

reliability. we 
Storage Temperature Range (Tstg) .......... — 65 to + 150°C 


OPERATING CONDITIONS at Tag = Full Package Temperature Range Unless Otherwise Specified 


Supply Voltage Range (A; Ta = full 
Package Temperature Range 


ELECTRICAL CHARACTERISTICS at TA = +25°C, VppD = + 5% except as noted. 


| STATIC 


. Quiescent Device Current, IQ 9 1 100 1 100 
| 10 


= 
io) 
ct 


N 
on 


— 
NO 
o 


1.25 


Input Voltage Low Level, Vj, 


10 
5 
10 


~J 
ol 


[oy ) 


7 


on 


Input Voltage High Level, Vip 
Output (Sink) Current, lo. 


Ry 
on 


|+ 
— 
|+ 
oO 
—_ 
o) 


— 
[o>) 


. 8 
10 


Output (Source) Current, IOH ? 
Input Leakage Current, - 5 
li WH —_ 10 
3 State Output Leakage 5 5 


an) 
oO 
—_—h 
oO 


Current, loUT 1 


eye 

aia iat 

— hk 

[+ 1+ = 

ee 

I+ es 

\+ : 

| a} | o 

(ep) 

es 

ale : } } Ee 


122 


ELECTRICAL CHARACTERISTICS, cont. H 1835 


: _ LIMITS” 


oe | CONDITIONS. aes OG 
CHARACTERISTICS. | Cowes 


DYNAMIC: tr, tf = 10 ns, CL = 50 pF 
Power Supply Current, Ipp ; A 
(Chip Selected 400 KHz) ‘i 
CEO from Address Change, tca Ete 


Chip Select Delay, tcs a: ee ns 
Access Time from Chip 5 325 
Select, tacs 10 ae Ns 
Access Time From Address 5 900 1300 1300 
Change, tan 10 500 | 800 — ie 


TIMING DIAGRAM 


MA LOW ORDER BYTE 


| 8 BIT BI DIRECTIONAL DATA BUS 
tas TAH tAA 
CLOCK 


| 
tPAW 


SELECT SIGNAL 
eee need 


Tete HIGH IMPEDANCE VALID DATA 
OUTPUT ACTIVE 


“Daisy Chaining” with CEl inputs and CEO outputs is used to avoid memory conflicts between ROM and RAM in 
a user system. In the above configuration, if ROM #1 was masked-programmed for memory locations 0000- 
3FF16 and ROM #2 masked-programmed for memory locations 0400-07FFi6 for addresses from 0000-07FF 16 
the RAM would be disabled and the ROM enabled. For locations above 07FF1. the ROM s would be disabled and 
RAM enabled. 
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SYSTEM INTERCONNECT 


CLEAR WAIT 


CONTROL 


8 BI-DIRECTIONAL DATA BUS 


SIGNAL DESCRIPTION 


| MA 0-MA 7 — Under 1802A control the high order byte of a 16-bit memory address appears on the 
| memory address lines, MA 0O—MaA 7, first. Three bits required by the ROM Address Decodes are 
strobed into internal address latches by Clock (TPA) input. The low order byte of 16 bit addres 
appears on the address lines after the termination of TPA. | 


BUS 0-BUS 7: These eight bi-directional three state data lines form a common bus with the 1802A 
microprocessor. 


CLK (TPA): A timing signal from 1802A microprocessor (trailing edge of TPA) is used to latch the 
high order byte of the 16 bit memory address. 


CS 1, CS 2, MRD: Chip select and memory read (output enable) signals. The polarity of the CS 1 
and CS 2 signals are user mask programmable. 


CEO, CEI: Chip Enable Output (CEO) signal is high when either the chip is selected or CEI is high. 
CEO and CEI can be connected in daisy chain operation between several ROMs to control selection 
of RAM chips in a microprocessor system without additional components. 


ORDERING INFORMATION 


Contact Hughes for price and other information relating to ROMs. ROM order forms and instructions 
concerning means of data conveyance are available from Hughes Solid State Products or Hughes’ 
representatives. 


Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed by Hughes 
for its use; nor for any infringements or patents or other rights of third parties which may result from its use. No license is 
granted by implication or otherwise under any patent or patent rights of Hughes. 


_ HUGHES SOLID STATE PRODUCTS 


J 
HLICGs HEE S ALROCRAFT COMPANY 


0 
) 


In Europe: Hughes Solid State Products 
500 Superior Avenue Hughes International Service Co. 
Newport Beach, CA 92663 . Schmaedel Str. 22, 8000 Munich, Germany Printed in U.S.A. 6/83 
Telephone (714) 759-2942 TWX: 910-596-1374 Telephone 49-89-834. 7088 Telex: 5213856 HSPD Supersedes Previous Data 
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H 1837 
H 1837C 


J 
HISGHE S ALROE RAFT COMPANY 


1800 CMOS Microprocessor Family 
4096 x 8 Static ROM 


4096 x 8 Static ROM — 1837 
DESCRIPTION 


Hughes’ 1837 is a static CMOS Mask Programmable Read Only Memory organized as 4096 x 8. 
No clocks are required. The 1837 responds to a 16 bit address time multiplexed on the eight 
address lines (MA 0 — MA 7). 


The most significant address lines are latched on chip by the Clock input’s negative transition. 
This address may be decoded by mask option to allow the 1837 to operate in any 4096 byte area 
within the 65,636 byte memory space. In addition, three chip select signals may be decoded for 
simplified system interfacing. The Chip Enable Output (CEQ) is activated when the chip is 
selected and can be used as a disable control for small memory systems. The CEI signal may be 
used as an additional control of the ROM selected output signal, CEO. Data is accessed from 
memory by decoding the Address inputs and enabled on the data bus by the two Chip Selects 
(CS 2 and CS 1), the Memory Read (MRD) and the upper address decode. | 


The 1837 operates over a 4—10.5 voltage range while the 1837C operates over a 4—6.5 
voltage range. The ROMs are available in a 24 lead hermetic dual-in-line ceramic package (D 
suffix), plastic package (P suffix), cerdip (Y suffix) or leadless chip carrier (L suffix). Devices 
in chip form (H suffix) are available upon request. 


FEATURES 

e Static CMOS Circuitry e Single Voltage Supply 

e Interfaces Directly with 1802A e Low Quiescent and Operating Power 
Microprocessor without Additional ° No Clocks Required 
Components 


e Chip Select and Address Location 


e Access Time within 64K Memory Space, Optionally 


750ns Typical at Vpp = 5V Programmable 
450ns Typical at VDp = 10V 
FUNCTIONAL DIAGRAM PIN CONFIGURATION 


ADDRESS 
GE 


CHAN 
i 4 po 
a MEMORY i 
ARRAY 


uw 

rs) 

oO TY) a [3_> BUS 0-7 
O 128 x16 x8 

> 


VDD 
TPA 
CEI 
CS 1 


CS 2 
MRD 
CEO 
BUS 7 
BUS 6 
BUS 5 
BUS 4 
BUS 3 


INPUT a 
BUFFERS 


ai 
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ABSOLUTE MAXIMUM RATINGS _ oo Ps —— NOTE: Operating the device above the “Ab- 


a, poe ~ solute Maximum Ratings” may cause perma- 
Operating Temperature Range (TA) : ae nent damage to the device. This is a stress 
Ceramic Package See — 55 to +125 C . rating only and. functional operation ‘of the 
Plastic Packaqe *.s8 e.in sae eo — 40.10 + 85°C = —~—s device at these or any other conditions above 
3 a . _ those indicated in the operational sections of 
DC Supply-Voltage Range (VDD) _- | | this specification is not implied. Exposure to — 
(All voltage values referenced to VSS terminal) absolute maximum rating conditions for ex- | 
VSS sealed we eos ae AG 2... —0.5 to +13V tended periods may affect device reliability. 
NOOO wks eh ea Oe eke ate ee —0.5to + 7V | 
Storage Temperature Range (Tstg).... —65 to +150°C 


OPERATING CONDITIONS at Ta = Full Package Temperature Range Unless Otherwise Specified 


Supply Voltage Range (At Ta = Full 
Package Temperature Range 


Recommended Input Voltage Range P= = 

| Clock Pulse Width (TPA), tpaw | 8 | 300 
an ae 
Address Setup Time, tas a Set a 


Address Hold Time, tay 


ELECTRICAL CHARACTERISTICS at Ta = + 25°C, Vpp = +5% except as noted 


= 
| Led 
Peemeren Ee 
cas ee ee eee 
Pomme PER Ppa 
Poe ks ee eo oe ee 

0.4 


Output (Sink) Current, IOL 


ro) 
aN 
sy 
ne 
BILD 
BB} 
= ho 
yon) 
3 
> 


C 
> 


Output (Source) Current, lov 4.5 


Input Leakage Current ‘7 
HL YH 


3 State Output Leakage 
Current, IOUT 


Lo 
oO on 
aah 
se 
I+ J+ J I+ I+ 
— Va ¥ a-_—h oh 
I+ J I+ 
paige 
NO | NO 
| I+ | I+ 
ooh —_ 
+ 
era i nas 
NO DO 
a c 
> > 


woody 
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ELECTRICAL CHARACTERISTICS, Cont. H 1837 


, a CHARACTERISTICS 


Daisy Chain Delay, tio 


Read Delay, tyRD 


Chip Select Delay, tcs 


Access Time from Chip 
Select, tacs 


Access Time from Address 


Change, taa 


TIMING DIAGRAM 


CLOCK (TPA) 


. | LIMITS of 


Vo | Yop T | 
yp. Typ. 
(V) Min | te | 


(V) 


DYNAMIC: t,, tf = 10 ns, CL = 50pF 


Power Supply Current, Ipp 
(Chip Selected 400 KHz) 


CEO from Address Change, tca 


_ pope fee 
= — _ 
_— 
of 
E 
S 
> 


Fal; 
5 750 | 1000 750 | 1000 ae 
10 450 | 600 a c 


MA Ba Oe LOW ORDER BYTE 


fe tas poh 
| 
tPAW 


CEO 
H 
DATA BUS IGH IMPEDANCE VALID DATA 
OUTPUT ACTIVE 
8 BIT BIDIRECTIONAL DATA BUS 
TPA 
ADDR BUS 
MRD 
CHI 


P 
SELECT SIGNAL 


“Daisy Chaining” with CEl inputs and CEO outputs is used to avoid memory conflicts between the ROM 
and RAM in the user’s system. In the above configuration, if ROM Number 1 was masked programmed 
for memory locations 0000-OFFF16; and the ROM Number 2 masked programmed for memory loca- 
tions 1000-1FFF 146; for addresses from 0000-1FFF 16, the RAM would be disabled and the ROM enabled. 
For locations above 1FFF1g6 the ROMs would be ROM disabled and the RAM enabled. 
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SYSTEM INTERCONNECT 


8 BIT BI-DIRECTIONAL DATA BUS 


SIGNAL DESCRIPTION 


MA 0 — MA7: Under 1802A control, the high order byte of a 16 bit memory address appears first 
onthe memory address lines (MA O—MA 7). Three bits required by the ROM Address Decodes 
are strobed into the internal address latches by the Clock (TPA) input. The low order byte of the 
16 bit address appears on the address lines after the termination of TPA. 


BUS 0 — BUS 7: These eight bi-directional three state data lines form a common bus with the 
1802A microprocessor. | | 


CLOCK (TPA): A timing signal from the 1802A microprocessor (trailing edge of TPA) is used to 
latch the high order byte of the 16 bit memory address. 


CS 1, CS 2, MRD: The Chip Selectand Memory Read (output enable) signals. The polarity of the 
CS 1 and CS 2 signals are user mask programmable. 


CEO, CEI: Chip Enable Output (CEO) signal is high when either the chip is selected or CEI is 
high. CEO and CEl can be connected in a daisy chain operation between several ROMs to 
control the selection of RAM chips in a microprocessor system without additional components. 


ORDERING INFORMATION 


Contact Hughes for price and other information relating to ROMs. ROM order forms and in- 
structions concerning means of data conveyance are available from Hughes Solid State 
Products or a Hughes’ Representative. 


Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed 
by Hughes for its use; nor for any infringements or patents or other rights of third parties which may result from 
its use. No license is granted by implication or otherwise under any patent or patent rights of Hughes. 
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H 23C16C 


SS ALTROC RAFT COMPANY 


2048 x 8 
CMOS Static ROM 


2048 x 8 Static ROM — 23C16C 


DESCRIPTION 

Hughes’ 23C16C is a CMOS Mask Programmable Read Only Memory organized as 2048 x 8. 
The ROM circuit is static and updates its outputs when any address changes. Two chip selects 
are included which are programmed for polarity with the same mask that programs the data 
pattern. 


When the chip is selected, the address present on lines MA 0-MA 10 accesses data which is 
presented to the output sense amplifiers. The eight-bit output word is enabled onto the 
data lines by the chip select signals, which can be used for memory expansion. The 23C16C 
is a pin compatible replacement for the 2716 PROM. 


The 23C16C operates over a 4-6.5 voltage range. The ROM is supplied in a 24 lead hermetic 
dual-in-line ceramic package (D suffix), plastic package (P suffix), cerdip (Y suffix) or 
leadless chip carrier (L suffix). Devices in chip form (H suffix) are available upon request. 


FEATURES 

e Static CMOS Circuitry ¢ Single Voltage Supply 

e No Clocks are Required e Low Quiescent and Operating Power 

e Compatible with 1802A Microprocessor e Functional Replacement for Industry 
at Maximum Speed Standard Type 2716 (2048 x 8) PROM 


e Access Time 
900ns Typical at Vpp = 5V 


FUNCTIONAL DIAGRAM PIN CONFIGURATION 
oe je VDD 
oe CIRCUIT 9 MA 8 
3 MA 9 
cc MEMORY O ‘ i 
Q 
[> oy ae bse a me ie oy aS 6 MA 10 
m Lu a x 16 x 3” O — o 7 CS 2 
> > 8 BUS 7 
aoe See 9 BUS 6 
ae X DECODE | BUS 5 
BUS 4 
BUS 3 


ea CS DECODER 
CS 2 ENABLE 
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ABSOLUTE MAXIMUM RATINGS a pte | Fo fl 
Storage Temperature Range (Tstg) ..... —65to +150°C> NOTE: Operating the device above the “Ab- 


| | solute Maximum Ratings” may cause perma- _ 
Operating Temperature Range (TA) e: nent damage to the device. This is a stress 
Ceramic Package................. .—55to +125°C © rating only and functional operation of the 
Plastic Package ee —4Q0to +85°C device at these or any other conditions above 

} eh tegen. wae et _ those indicated in the operational! sections of 
DC Supply-Voltage Range (Vpp) : | this specification is not implied. Exposure to | | 
(All voltage values referenced to Vss terminal) — | merci ee ee ex- | 

: ended periods may affect device reliabili 

28C16C a5 us cawaecans aede ee —0.5t0 +7V i y ey 


OPERATING CONDITIONS at Ta = Full Package Range Unless Otherwise Specified 


Supply Voltage Range (At Ta = Full 

Package Temperature Range) 6.5 V 
Recommended Input Voltage 

Range Vss VDD V 


ELECTRICAL CHARACTERISTICS at Ta = 25°C, Vpp = +5% except as noted. 


STATIC 
Quiescent Device Current, I, 


Supply Current, Ipp | 
(400KHz Addresses) 


Output Drive Current, 
N-Channel (Sink), IDN 


P-Channel (Source), IDP 
Output Voltage 
Low Level, VoL 
Output Voltage 
High Level, VoH 
Input Low Voltage 
owe 0.5,4.5 


Input High Voltage, | Input High Voltage, iH Cee aa as 


Input Leakage Current 
NL, WH 
3 State Output Leakage 
Current, louT +1 +2 A 


DYNAMIC: ty, tf = 10 ns, CL = 50pF; RL = 200KQ 


Access Time From Address 

Change, taa 5 1200 

Access Time From Chip | 

Select, tac 5 330 425 ns 
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TIMING DIAGRAM H 23C16C 


han 


BUS 
HIGH IMPEDANCE 


OUTPUTS VALID DATA 
ACTIVE 


///) \NVALID OR DON’T CARE CONDITIONS 


FUNCTIONAL OPERATION 


This ROM is completely static (no clocks required). Decode of the input address selects a word from 
the storage array. The chip select signal enables the selected word to appear on the output bus line. 
Address rise and fall times should be less than 500 nsec. 


SYSTEM INTERCONNECT 


ADDRESS TPA CLEAR WAIT 
ie LATCH ' 
| AR 
NO-N2, MRD 


xDDABUST at. es 


| DMA-IN, DMA-OUT 


8 BIT BI-DIRECTIONAL DATA BUS 


SIGNAL DESCRIPTION 


MAO—MA10: These address lines select a byte location. MA10 is the high order address 
bit. 


BUSO — BUS/7: These eight three-state data lines form a common bus with the micro- 
processor. | 


CS1, CS2: These chip select signals are provided for memory expansion. Outputs are 


enabled when CS 1 and CS 2 are active. Polarity of CS 1 and CS 2 are user mask program- 
mable. 


ORDERING INFORMATION 


Contact Hughes for price and other information relating to ROMs. ROM order forms and in- 


structions concerning means of data conveyance are available from Hughes Solid State 
Products or Hughes’ representatives. 


Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed 
by Hughes for its use; nor for any infringements or patents or other rights of third parties which may result from 
its use. No license is granted by implication or otherwise under any patent or patent rights of Hughes. 
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! HUGHES ‘SOLID STATE PRODUCTS H 23C32C 


=) 
HUGHES AIRCRAFT COMPANY 


4096 x 8 
CMOS Static ROM 


4096 x 8 Static ROM — 23C32C 


DESCRIPTION 


Hughes’ 23C32C is a CMOS Mask Programmable Read Only Memory, organized as 4096 x 8. 
The ROM circuitis static and updates its outputs when any address changes. Two chip selects 
are included which are programmed for polarity with the same mask that programs the data 
pattern. 


When the chip is selected (CS 1 and CS 2 are activated) the address present on lines MAO — 
MA11 accesses data which is presented to the output sense amplifiers. The 3-bit output 
word is enabled onto the data lines by the chip select signals, which can be used for 
memory expansion. The 23C32C is a pin compatible replacement for the 2732 PROM. 


The 23C32C operates over a 4-6.5 voltage range. The ROM is available in a 24 lead hermetic 
dual-in-line ceramic package (D suffix), plastic package (P suffix), cerdip (Y suffix) or 
leadless chip carrier (L suffix). Devices in chip form (H suffix) are available upon request. 


FEATURES 

e Static CMOS Circuitry e Single Voltage Supply 

e Functional Replacement for Industry e Low Quiescent and Operating 
Standard Type 2732 (4096 x 8) PROM Power 

¢ Compatible with 1802A Microprocessor e Very Low Standby Power Mode — 
at Maximum Speed Less than 10ya, controlled by CS 1 


e Access Time 
750ns Typical at Vpp = 5V 


FUNCTIONAL DIAGRAM PIN CONFIGURATION 
CHANGE CIRCUIT - Jee 
| 2 MA 8 
ee Ww 3 MA 9 
maott |B a ; weed i BUS 0-7 4 MA 11 
i 4c 48 re 4 Ep, 5 CS 1 
ae ra aa is 6 ) MA 10 
rm ms ; 7 CS 2 
= ft | 8 BUS 7 
BUS 5 
oe CS DECODER fs : 
Cs2 ENABLE 


* ACTIVE STATE IS MASK PROGRAMMABLE 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature Range (Tstg) - .—65 to + 150°C” 


Operating Temperature Range (Ta) 
Ceramic Package............... —55 to +125°C 
Plastic Package ............ ....—40 to + 85°C 


DC Supply-Voltage Range (Vpp) 
(All voltage values referenced to Vss terminal) 
PSO Cote sane Ba sagienn ceed este De tatiana —0.5to +7V 


Supply Voltage Range (At Ta = 
Full Package Temperature Range) 


Recommended Input Voltage 
Range 


STATIC 


Supply Current, Ipp (400KHz 
Addresses) 


Output Drive Current: 
N-Channel (Sink), IDN 


P-Channel (Source), IDP 


Output Voltage 
Low Level, VoL 

Output Voltage 
High Level, VoH 

Input Low Voltage 0.5, 4.5 | 
VIL —s 


Input High Voltage, VjH 05,45 | 5, 4.5 
Input Leakage Current, 
HL WH 


3 State Ouput Leakage 
Current, louT 


DYNAMIC: ty, t; = 10 ns, CL = 50pF; RL = 200K 2 


Access Time From Address 1000 
Change, taa 

Access Time From Chip 

Select, tac 
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NOTE: Operating the device above the “Ab- |: 


device at these or any other conditions above | 


OPERATING CONDITIONS at Ta = ul EE eenage Range Unless Due ove ee 


solute Maximum Ratings” may cause perma- | 
nent damage to the device. This is. a stress 
rating only and functional operation of the 


those indicated in the operational sections of | 


this specification is not implied. Exposure to | 


absolute maximum rating conditions for ex- | 
tended periods may affect device reliability. 


TIMING DIAGRAM H 23C32C 


08 LTD 
Ws EEX 
J 


BUS 
HIGH IMPEDANCE 


OUTPUTS VALID DATA 
ACTIVE 


4/4 \NVALID OR DON'T CARE CONDITIONS 


FUNCTIONAL OPERATION 
This ROM is completely static (no clocks required). Decode of the input address selects a word from 


the storage array. The chip select signal enables the selected word to appear on the output bus line. 
Address rise and fall times should be less than 500nsec. 


TYPICAL SYSTEM INTERCONNECT 


MA 10 
MA Q| ADDRESS TPA CLEAR WAIT 
LATC 


Cael a 


ADDR BUS 


¢ CONTROL» 


MA-IN, ODMA-OUT 


8 BIT BI-DIRECTIONAL DATA BUS 


SIGNAL DESCRIPTION 


MA0O—MA11: These address lines select a byte location. MA 11 is the high order address 
bit. 7 | 


~BUSO-—BUS7: These eight three-state data lines form a common bus with the 
microprocessor. 


CS1, CS2: These chip select signals are provided for memory expansion. Outputs are 
enabled when CS 1 and CS 2 are active. Polarity of CS 1 and CS 2 are user mask program- 
mable. 


ORDERING INFORMATION 


Contact Hughes for price and other information relating to ROMs. ROM order forms and in- 
structions concerning means of data conveyance are available from Hughes Solid State 
Products or Hughes’ representatives. 


Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed 
by Hughes for its use; nor for any infringements or patents or other rights of third parties which may result from 
its use. No license is granted by implication or otherwise under any patent or patent rights of Hughes. 
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H 23C64C 


F 
HUGHES AIRC RAFT COMPANY 


CMOS Static ROM 8192 x 8 


8192 x 8 Static ROM — HCMP 23C64C 


DESCRIPTION 
Hughes’ 23064C is a CMOS Mask Programmable Read Only Memory organized 81 92 x 8. The 


included which is programmed for polarity with the same mask that programs | ine © data 
pattern. r 5 


request. 


FEATURES 


e Static CMOS Circuitry 
e Access Time 4 
300ns Typical at Vpp = BV : 
¢ Compatible with Most ere proceeaO 
at Maximum arcs faa , : 


|G), © | mMemor 
MAO-12: | i ARRAY 


256 x 32 x 8 


Y DECODE 
LATCH 


THREE STATE | Jo 


CS* 


ENABLE 


* ACTIVE STATE IS MASK PROGRAMMABLE 
** ADDRESS PLACEMENT IS USER SELECTABLE 
(MA 12 AND MA 11 ONLY). 


137 


‘ABSOLUTE ! MAXIMUM RATINGS 


Storage Temperature Range (Tstg) aiegonden . —65 to +150°C 

Operating Temperature Range (TA) ne RE fy thew. 
Ceramic Package .............. rer ee to +125°C 
Plastic Package ............... .....—40 to +85°C 


DC Supply- Voltage Range (Vpp) 
(All voltage values referenced to Vss terminal) 
ZI CONG: eicts chem Sb a ee a ee ied 0.5 to +7V 


NOTE: Operating the device above the 
“Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a 
stress rating only and functional operation 
of the device at these or any other condi- 
tions above those indicated in the opera- 


tional sections of this specification is not 


implied. Exposure to absolute maximum 
rating conditions for extended periods may 
affect device reliability. 


OPERATING CONDITIONS at Ta = Full Package Range Unless Otherwise Specified 


Supply Voltage Range (At T, = Full 
Package Temperature Range) 


| Recommended Input Voltage Range 


a SE a Tt ee 


Supply Current, Ip 
(400KHz Addresses 


Output Drive Current; 


N-Channel (Sink), IpN 


Output Voltage 
Low Level, Vo. 


Output Voltage 
High Level, Voy 


Input High Voltage 
VIH 

Input Leakage Current 
ho WH 

3 State Output Leakage Current 
lOUT 


tAA ; 
Access Time From Chip Select 
tac 
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TIMING DIAGRAM H 23C64C 


os LEED 
Wn EEK 
mae 


BUS 


HIGH IMPEDANCE 


OUTPUTS VALID DATA 
ACTIVE 


VZZ\ \NVALID OR DON’T CARE CONDITIONS 


FUNCTIONAL OPERATION 

This ROM is completely static (no clocks required). Decode of the input address selects a word from 
the storage array. The chip select signal enables the selected word to appear on the output bus line. 
Address rise and fall times should be less than 500 nsec. 


TYPICAL SYSTEM INTERCONNECT 


MA 12 


CLEAR WAIT 


LATCH q 


- SCO, SC1 


DMA-IN, DMA-OUT 


8 BIT BI-DIRECTIONAL DATA BUS 


SIGNAL DESCRIPTION 


MA 0 — MA 12: These address lines select a byte location. MA12 is the high order address 
bit. 


BUS 0 — BUS 7: These eight three-state data lines form. a common bus with the micro-. 
processor. 


CS: This chip select signal is provided for memory expansion. Outputs are enabled when 
CS is active. Polarity of CS is user mask programmable. 


ORDERING INFORMATION 


Contact Hughes for prices and other information relating to ROMs. ROM order forms and 
instructions concerning means of data conveyance are available from Hughes Solid State 
Products or Hughes’ Representatives. 


Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed 
by Hughes for its use; nor for any infringements or patents or other rights of third parties which may result from 
its use. No license is granted by implication or otherwise under any patent or patent rights of Hughes. 
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-HUGHES SOLID STATE PRODUCTS H 23C65 


= 
Y 


L 
HUGHES AIRC RAFT COMPAN 


CMOS Static ROM 8192 x 8 


8192 x 8 Static ROM — 23C65 
DESCRIPTION 


Hughes’ 23C65 isa CMOS Mask Programmable Read Only Memory organized 8192 x 8. The ROM 
circuit is static and updates its outputs when any address changes. One Chip Enable(CE) and one 
Output Enable (OE) are included and are programmed for polarity with the same mask that 
programs the data pattern. 


When the chip is selected (CE is activated) the address present on lines MA O—-MA 12 accesses 
data which is presented to the output sense amplifiers. The 8-bit output word is enabled onto the 
data lines by the Output Enable signal (OE) which can be used for bus control. 


Hughes’ 23C65 operates over a 4-6.5 voltage range. The ROMs are available ina 28 lead hermetic 
dual-in-line ceramic package (D suffix), plastic package (P suffix), cerdip (Y suffix) or leadless chip 
carrier (L suffix). Devices in chip form (H suffix) are available upon request. 


FEATURES 
® Static CMOS Circuitry _e@ Standard Jedec Pinouts 
@ Access Time From Address Change _ @ Single Voltage Supply 


300 ns Typical at VDD = 5V ~ -@ Low Quiescent and Operating Power 


© Compatible with Most Microprocessors at : ~. Standby — 5 pA typical (CE Disabled) 
Maximum Speed “Operating — 3mA typical 
FUNCTIONAL DIAGRAM. © | PIN CONFIGURATION 
ADDRESS _|*. > NC ° Wee 
CHANGE CIRCUIT] — MA 12 ic 


1 
2 
3 
4 
5 
6 
7 
8 


OP en, Few e per MA 6 MA 8 
ee ui MEMORY a i > MAS MA 9 
MA0-12. |) 4 ARRAY OG Be oh 
fale u. HY oe bo MA 4 MA 11 
aa) Weg Ww > —s 
S 256 x 32x 8 as Lu = MA 3 OE/OE 
= > zo MA 2 MA 10 
Fat k- CE 
Z fi MA 1 CE/CE 
MA 0 07 
X DECODE ae - 


O5 
O04 
03 


O01 
O02 


* 
oF ENABLE Vss 


*ACTIVE STATE IS MASK PROGRAMMABLE 
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ABSOLUTE MAXIMUM RATINGS | 
Operating Temperature Range (TA) 
Ceramic Package .......... err rer —55 to + 125°C 
Plastic Package ............ bile aracevs . —40 to + 85°C 
DC Supply-Voltage Range (Vpp) 
(All voltage values referenced to VSs terminal) 
QP3CE5C accicnceseaordarataens taeaee 0.5 to + 7 Volts 
Storage Temperature Range (Tstg) ...... —65 to + 150°C 


OPERATING CONDITIONS at Tag = Full Package Range Unless Otherwise Specified 


Recommended Input Voltage Range 


STATIC 


Quiescent Device Current, | 
(Chip not selected) 


Supply Current, Ipp 
(400KHz Addresses) 


Output Drive Current; 
N-Channel (Sink), IDN 


P-Channel (Source), IpDP 
Output Voltage 
Low Level, VoL 
Output Voltage 
High Level, VoH 
Input Low Voltage 0.5, 4.5 
VIL 


Input High Voltage 0.5, 4.5 
VIH 

Input Leakage Current 
NL NH 


© 
on 


na 
wn 


3 State Output Leakage Current 0.5 
lOUT 


ck 
[+ | 

4 

+ 

Nh 

c 


DYNAMIC: t,, ts = 10 ns, CL = 50pF; Ry = 200KQ 
Access Time From Address Change 
TAA 
Access Time From Chip Enable 
[ACE 


Access Time From Output Enable 
tAOE 
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Supply Voltage Range (At Ta = Full 
Package Temperature Range) 6.5 V 
es ee ~ D 


ELECTRICAL CHARACTERISTICS at Ta = 25°C, Vpp = + 5% except as noted. 


- 
oO 
© 


NOTE: Stresses above those listed under “Absolute 

Maximum Ratings” may cause permanent damage 
to the device. This is a stress rating only and 
functional operation of the device at these or any 
‘other conditions above those indicated in the 
operational sections ur this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 


oS ‘Max: 


VSS VD 


are ee 
he 
Cams. 
Cae. = 


c= 


3 
> 


3 


5 

co 

on 
oe 
N 
oi on 


+ 

ack! 
|+ 

NO 
Cc 


ae 
io) ee) 
oO oO 
oO oO 
o1 > 
(o) oO 
io) io) 
” 7) 7) 


| 
— 
© 
© 
a 
NO 
oO 
=) 


TIMING DIAGRAM H23C65C 


Ce MLL 
MWA LLM 


TT 


tA 
tACE 


08* LLL 


OUTPUTS VALID DATA 
ACTIVE 


> 


Y INACTIVE OR DON’T CARE CONDITIONS 


*Active state is mask programmable. 


FUNCTIONAL OPERATION 

This ROM is completely static (no clocks required). Decode of the input address selects a word from the storage 
array. The chip select signal enables the selected word to appear on the output bus line. Address rise and fall 
times should be less than 500 nsec. 


TYPICAL SYSTEM INTERCONNECT 


ie Goat TIMING PULSE CLEA 


mS) 
> 
=4 


8 BIT BI-DIRECTIONAL DATA BUS 
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SIGNAL DESCRIPTION 
MA 0—MA 12: These address lines select a byte location. MA 12 is the high order address bit. 
BUS 0—BUS 7: These eight three-state data lines form a common bus with the microprocessor. 


CE: This Chip Enable signal is provided for memory selection. All memory functions are enabled 
when CE is active. Polarity of CE is mask programmable. 


OE: This Output Enable signal is provided for bus control. Outputs are enabled when the chip is 
_ selected and OE is active. Polarity of OE is mask programmable. 


ORDERING INFORMATION: 


Contact Hughes for prices and other information relating to ROMs. ROM order forms and 
instructions concerning means of data conveyance are available from Hughes Solid State Products 
or Hughes’ Representatives. 


Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed by Hughes 
for its use; nor for any infringements or patents or other rights of third parties which may result from its use. No license is 
granted by implication or otherwise under any patent or patent rights of Hughes. 


HUGHES SOLID STATE PRODUCTS 


le, 
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HUGHES AIRCRAFT COMPANY 


in Europe: Hughes Solid State Products 
500 Superior Avenue . Hughes International Service Co. 
Newport Beach, CA 92663 Schmaedel Str. 22, 8000 Munich, Germany Printed in U.S.A. 3/84 
Telephone (714) 759-2942 TWX: 910-596-1374 Telephone 49-89-834. 7088 Telex: 5213856 HSPD Supersedes Previous Data 
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HUGHES SOLID STATE PRODUCTS 


' SOLID STATE PRODUCTS H 1802A/AC 
H 1802B 


E 
HUGHES AIRCRAFT COMPANY 


1800 CMOS Microprocessor Family 
Central Processing Unit 


DESCRIPTION 


Hughes’ 1802A is an 8 bit register-oriented Central Processing Unit (CPU) designed for use asa 
general-purpose computing or control element in a wide range of stored program systems 
or products. The 1802A has a common bi-directional bus shared between all internal data, 
control, status and array registers. Accessing of memory is accomplished by time 
multiplexing a 16 bit address representing 65,536 locations into two sequentially transmit- 
ted bytes (8 bits). The presence of the most significant address bits is signified by the TPA 
clock. The 16x16 array of registers may be selected by the P,X, and N register designators 
to represent a program counter, data pointer and general pointer register respectively. 
Switching of programs may be readily accomplished by manipulating the register 
designators. 

It has a flexible I/O interface including separate control signals (NO-N2) and memory ac- 
cess signals allowing direct memory data transfer with peripherals under CPU program 
control (through I/O instructions) or under peripheral control (DMA-IN and DMA-OUT 
signals). In addition to nonprogrammed Interrupt response, the CPU can monitor 4 flag in- 
puts (EF 1-EF4) from peripherals and set an output (Q) to the peripheral under program con- 
trol. This may be used for serial data transfer or general control signals. State Codes (SCO- 
SC 1) are available to monitor the CPU internal states. 


The 1802A operates over a 4-10.5 voltage range while the 1802AC has a recommended 4-6.5 
volts. The CPUs are available in a 40 lead dual-in-line ceramic package (D suffix), plastic 
package (P suffix), cerdip (Y suffix) or leadless chip carrier (L suffix). Devices in chip form (H 
suffix) are available upon request. 


Hughes’ 1802BC (operating with 5 MHz Clock at 5V) is available for designs requiring higher 
system speed. 


FEATURES PIN CONFIGURATION 
e Instruction Cycle Time 2.5-3.75 us at 6.4 
MHz 

8 Bit Parallel Data Organization 

Memory Addressing to 65,536 Bytes STATE 

On Chip Direct Memory Access 

16x16 General Purpose Register Matrix E BUS 7 


CONTROL 


/O 
REQUESTS 


4 
2 
3 
4 
5 
6 
7 
8 


TIMING 
PULSES 


Four Flag Inputs and One Program- 

mable Output DATA 
Direct Memory to Peripheral Transfer 
on I/O Instructions 

e T?7L, NMOS and CMOS Compatible 

e Optional On Chip Xtal Controlled 
Oscillator Tre 


e Low Power Single Voltage Supply 
e 91 Instructions 
e Schmitt Triggered Clear 


MEMORY 
ADDRESS 


1/0 
FLAGS 


ve 
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ARCHITECTURAL ORGANIZATION | 


N,X,P Registers — These three registers provide a 4 bit binary number which designates (Selects) one 
of the registers in the register array to provide an address to memory. In addition, the N register holds 
device selection codes for input/output operations, and acts as a buffer for the lower 4 bits of the op- 
code. | - 


Q-Flip Flop — This internal flip flop can be set or reset by instruction and can be sensed by condi- 
tional branch instructions. Q can also be used as a microprocessor output control. 


Register Array — These 16 registers of 16 bit word size can be used to provide three separate functions: 
aS program counters, as data pointers or as a scratch pad buffer. Each array register designated by N, 
X, or P provides a 16 bit memory address latched by the A register and multiplexed 8 bits at a time onto 
the memory address lines. | 


e Program Counter — Any register may be used as the main program counter or as a Subroutine pro- 
gram counter. This is determined by the user by setting the P register (4 bits) to point to any of the 
16 array registers. When interrupts are serviced R(1) is used as the interrupt service routine pro- 
gram counter. 


e Data Pointers — Any array register may be selected by the N and X registers to provide the ad- 
dress of a data word location in memory. The N register selects an array register to provide ad- 
dresses for several Load D from memory and Store D (accumulator) to memory instructions. The X 
register can also select array registers to provide addresses of memory data used in ALU opera- 
tions and Input/Output operations, and additional Load from Memory and Store to Memory in- 
structions with the D register. 


e Data Register — The N register also selects an array register location to act as a scratch pad buf- 
fer for data exchange with the D register. Data is transferred by a set of four instructions which 
select the high order byte R(N).1, or the low order byte R(N).0. Additionally an array register may be 
incremented or decremented for usage as loop counters. 


INTERFACE MODES — 


There are three modes of peripheral data transfer in the 1802A. These are programmed I/O, Interrupt 
Servicing, and Direct Memory Access. 


e Programmed I/O — The 1802A provides a direct memory to peripheral device interface. The NO-N 2 
lines select a peripheral device while the memory address lines access a memory location. On In- 
put instructions the peripheral data is read into the D register and memory simultaneously. On 
Output instructions the memory data is sent directly to the peripheral device. The EF flags and Q 
output can be used as additional programmable controls or as a serial data transfer path. 


e Interrupt Servicing — Upon the completion of an instruction, a non-masked (enabled) interrupt re- 
quest will be acknowledged by the 1802A. This results in the saving of the present X and P register 
values in the T register, resetting the Interrupt Enable flip flop, and setting of X to point to Register 
2 and P to Register 1. At the end of an Interrupt routine, a Return instruction restores old values of 
X and P and allows reactivation of the Interrupt Enable flip flop. 


e Direct Memory Access — The DMA mode is entered at the end of the execute machine cycle in the 
currently held instruction. This is a special extension of programmed input/output. When a DMA-In 
or DMA-Out request is activated, array register R(0) provides the location in memory for data 
transfer. On each byte transfer R(0) is incremented. The DMA mode can also be used to initially 
load memory after Reset and eliminates the requirement for specialized “bootstrap” load pro- 
grams. 
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FUNCTIONAL DIAGRAM Fi 1802A/1802B 


MEMORY ADDRESS LINES CONTROL /OFLAGS W/O REQUESTS Sale 
— oN a $$" 
MA1 MA3 MAS MA7 WAIT EF1 EF3 DMA DMA 


MAO |MA2|MA4IMA6]. CLEAR[XTALCLOCK] EF2| EF4 IN INTERRUPT OUTSCO SC1 
meena Tey Cede a © © 


CONTROL LOGIC 


(16) 


/O 
COMMANDS 


R(0).1 | R(0).0 REGISTER 


R(1).0 ARRAY U; 
R(2).1 | R(2).0 j 
a ae ] 
so C—O ROO i 
Uy, 
ae ot eee % 
DATA BUS _| R(F)-1 U; 
De Y 
Z W, 
Z r Z 
Z LILLY} 
(8) g (8) Y; 
Z Y) 
“iy , G Voc — 
g D % ZY =. 
Z ZG Z A Vss — 


SS 


ae VILL LL LLL 


DESCRIPTION 


DATA REGISTER (ACCUMULATOR) 

DATA FLAG (ALU CARRY/BORROW) 

1 OF 16 SCRATCHPAD REGISTER 

DESIGNATES WHICH REGISTER IS PROGRAM COUNTER 
DESIGNATES WHICH REGISTER IS DATA OR STACK POINTER 
HOLDS LOW ORDER INSTRUCTION DIGIT/DESIGNATES DATA PTR 
HOLDS HIGH ORDER (OP CODE) INSTRUCTION DIGIT 

HOLDS OLD X, P VALUES AFTER INTERRUPT (X IS HIGH BYTE) 
INTERRUPT ENABLE FLIP FLOP 

OUTPUT FLIP FLOP 


— 
oO 


—~ =-—- ofr fF A A 
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ABSOLUTE MAXIMUM RATINGS | NOTE: Operating the device above the 


DC SUPPLY-VOLTAGE RANGE (Vcc, Vpp) “Absolute Maximum Ratings” may 
(All voltage values referenced to Vss terminal) cause permanent damage to the 
Voc <Vpp: device. This is a stress rating only and 

MOO ZI: fiathe Seth a than Po eeeen ta Oe ere a bee ievae —0.5to+11V functional operation of the device at 
TOOZACH CUZ BG tu wexw lk wae eae een ee eee —0.5to+7V these or any other conditions above 

INPUT VOLTAGE RANGE, ALLINPUTS .................0.004. —0.5toVpp + 0.5V_ those indicated in the operational sec- | 

DC INPUT CURRENT, ANY ONEINPUT ...................000- + 10mA tions of this specification is not im- | 

OPERATING TEMPERATURE RANGE (Ta) CERAMIC PACKAGE ..—55to + 125°C plied. Exposure to absolute maximum | 

PLASTIC PACKAGE ...—40to + 85°C rating conditions for extended | 

STORAGE TEMPERATURE RANGE (Tstg) .--- +--+ ee eee eee tees —65 to + 150°C periods may affect device reliability. | 


STATIC ELECTRICAL CHARACTERISTICS AT ue — 40 to + 85°C, i as noted. 


Output Low Drive 
(Sink) Current, 


lot Min 0.5 0,10 
(Except Xtal) 

Xtal Output 0.4 5 
lot Min. 


Output High Drive 
(Source Current) 
1IOH Min. (Except Xtal) 

Xtal Output 
IOH Min. 


Output Voltage 
Low Level 
Vot Max. 


sae e 0.80 om 


4 
(jo) 
|) 
°)) 
jo) 

cr 
p> 


jo) 


oi —_— 


—_—k 


i 1 
(en) 
©o 
—_ 
< 


i<o) 
° 
—_ . 
on G 


Output Voltage 
High Level, 
VOH Min. 


on 


Input Low Voltage 


Vit. Max. 


0.5, 4.5 5, 10 


ae 
oO 


ee 
eee, 
10 a ee ee ee ee 
Input High Voltage | 0.6, 4.5 35 | - | - | 35 { - | - [as [ - | - | ° 
een 05,45] — | 5, 10 Pee ose) eee ee 
or ee ae ee ee ee ee ee eee 
Clear Input Voltage | ~ | - | 6 | o4 | o6 | ~ | o4 | 05 | - | 04 | 08 | 
"7 SS ee ee ee ee ee eee ae 
SA eA eae eS ee ee ee ee - | 


3-State Output | 
Leakage Current, 


louT Max. | 


Minimum Data 
Retention 
Voltage, VDR 


Data Retention Yop = 24V - 
Current, IpR Yop = 24V oo ) 
Effective Input | | | 
Capacitance, Ciy 5 7.5 5 7.5 5 7.5 pF | 
Any Input 

Effective 3-State | 
Terminal Capaci- 
tance Data Bus 


“Typical Values are for Ty = 25°C and Nominal Vpyp 
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H 1802A/1802B 
RECOMMENDED OPERATION CONDITIONS at Ta = —40° to +85°C Unless Otherwise Specified 


CONDITIONS . LIMITS 


| "CHARACTERISTICS | Vect | Yop | tteoza UNITS 
(V) 


Teioal: ‘Voltage Range Ree al 4 to 10.5 4 to 6.5 4 to 5 5 a oa 
Input Voltage Range | Vss to Vpp | Vss to Vpp | Vss to Voo| Vv 


Maximum Clock Input Rise or 
Fall Time, ty or t¢ mee mies 


Minimum 
Instruction Time? 
(See Fig. 6) 


0 


Maximum DMA Transfer Rate 


— KBytesisec 


—s —_— — 
— —_— ak | ek 


Maximum Clock Input Frequency, 10 a. MHz 
NOTES: 


1.Vcc < Vpp; for 1802AC Vpp = Vcc = 5 volts. 


2. Equals 2 machine cycles — one Fetch and one Execute operation for all instructions except Long Branch and Long Skip, which require 
3 machine cycles — one Fetch and two Execute operations. 


3. Load Capacitance (C,) = 50 pF. 


leo — fo 1p 2 fe 3 fe topes of 6 fe 7 >| —0 fe 1 | —2 fe 3 fe tf 5 ope 6 — 7 ef 0 


CLOCK 
era bt (aes FETCH (SO) oat (s1) +++ 
oo up Alen | Zid Pal | | | | | 
ron : | r | Peri 
sey | | I aes (PHL | 7 | —>{tPLH PHL 
PH. 1 PHL 
MEMORY TIMING H os | tsu—| | het 


cooneee e iY he 
MEMORY ADDRESS ADDRESS BYTE i 
—> {Pat 
—_— tPLH t 
wR [MEMORY] pete 
esas eee 


hg@ ————----— MEMORY READ Ce ee Oe ees Cee MEMORY WRITE CYCLE en 


We uvores 


te aa 
WRITE | MEMORY SYSTEM I Dat | | reat 4 | 


| M— ACCESS TIME —> PATCHED | | ciel | 
oarasus WLLL SON OEY van ona YZ 
| DATA INPUT TO CPU VALID DATA DATA TO MEMORY | | 


STATE CODE TIMING 


(SCO SC1) | | | | 

| | 

O TIMING | | ! | 
tPLH 

—> fe | | N BITS VALID | \ 

NO-N2 LINES! | | l 
| t 

Q LINE2 | — iene] ! 


a SAMPLED BY CPU 


| SAMPLED BY CPU 


eS LLL LLL LLL LLL LL LLL LLL LLL LLL NCL 


NOTES: 
This timing diagram is used to show signal relationship only. All measurements are referenced to 50% point of the wave forms. Shaded areas 
indicate “Don’t Care” on Inputs or Undefined State on Outputs. Sample or setting action at clock is designated by an arrow. 


1. The NO-N2 bits are valid during the S1 cycle of Input or Output instructions only (61-67 and 69-6F) 

2. The Q line is set or reset during the S1 cycle of the SEQ or REQ instructions 

3. The flag inputs (EF 1-EF 4) are sampled during an $1 cycle 

4. TheDMA and Interrupt inputs are sampled during cycles $1, S2 or S3. The priority on concurrent signal inputs are (i) DMA-In (ii) DMA-Out 
and (iii) Interrupt. 


Figure —1 General Timing Diagram 
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DYN 


Propagation Delay Time, tp_y tpHL 
Clock to TPA, TPB 


Clock-to-Memory High Address Byte 


Clock-to-Memory Low Address Byte 


Clock to MRD, 'PLH: tPHL 
Clock to MWR, tp; 4, tpHL 
Clock (CPU Data to Bus) 
Clock to State Code 

Clock to Q | | 


Clock to N (0-2), tpy_y, tpHL 


High Order Memory Address Byte 5 5 
Setup to TPA Time 5 10 
ak tsu 10 10 
1802B 5 5 
High Order Memory Address Byte 5 5 
Hold after TPA Time 5 10 
10 10 
Low Order Memory Address Byte 5 5 T-30 T+0 | 
Hold after WR Time tH 5 10 T-20 T+0 ns ; 
10 10 T-10 T+0 | 
CPU Data to Bus Hold 5 5 T-200 T-150 : 
after WR Time ty 5 10 T-150 T-100 ns : 
10 10. T-100 T-50 | 
Required Memory Access Time 5 5 5T-350 5T-220 | 
Address to Data TACC 5 10 5T-250 5T-150 ns | 
2 10 10 5T-150 5T-100 | 


“Typical values are for Ty, =25°C and nominal Vpp 
**Minimum value for 1802B toy is measured at +25°C. 
2T-350 ns insures 50 ns set-up at F = 5 MHz. 
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i) 


H 1802A/1802B 


DYNAMIC ELECTRICAL CHARACTERISTICS (Cont'd) 


“CHARACTERISTICS | 
Minimum Set Up and Hold Times, tsy ty 
Data Input Set Up 


Data Input Hold 


Interrupt Set Up 
Interrupt Hold 


Wait Set Up 


Minimum Pulse Width, 


Clear Pulse Width, twL 


Clock Pulse Width, tyy, 


Typical Total Power Dissipation 
f=2.0 MHz 

Idle “O00” at M (0000), 

Cy = 50 pF 

NOTE: 

1. Typical values are for Ta = 25°C and nominal Vpp 


2. Minimum characteristics are the values above which all devices function, i.e., data hold at 5 volts 
requires 200 msec. minimum to function over the temperature range but only 150 msec. at + 25°C. 


f=4.0 MHz 
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INSTRUCTION SUMMARY 


In all registers bits are numbered from least significant bit (LSB) to most significant bit (MSB) starting 


with 0. 

R(W) Indicates an array register designated by the W register where W = N,X, orP. Example if 
X = 3, array reg. R(3) addresses memory data. . 

R(W).0 Low order byte contents of R(W) | 

R(W).1 High order byte contents of R(W) 


NO Least significant bit of N register 

Contents of Memory addressed by selected array register 

Operation Notation: M(R(N))—»D; R(N)+1 

This is interpreted as the memory byte addressed by the array register 

R(N) is loaded into the D reg., and the contents of R(N) are incremented by 1. 


REGISTER OPERATIONS 


1N INC 1 2 INCREMENT REGISTER N R(N)+1. The register selected by the hex digit in N is incremented by 1. 

2N DEC 1 2 DECREMENT REGISTER N R(N)— 1. The register selected by the hex digit in N is decremented by 1. 

60 IRX 1 2 INCREMENT REGISTER X R(X)+1. The register selected by the hex digit in X is incremented by 1. 

~ 8N GLO 1 2 GET LOW REGISTER N R(N).0—»D. The low order byte of the register selected by N replaces the 

byte in the D register. 

AN PLO 1 2 PUT LOW REGISTER N D—»R(N).0. The byte contained in the D register replaces the low order 
byte of the register selected by N. D is not changed. 

ON GHI 1 2 GET HIGH REGISTER N R(N).1—™D. The high order byte of the register selected by N replaces the 
byte in the D register. 

BN PHI 1 2 PUT HIGH REGISTER N D—»R(N).1. The byte contained in the D register replaces the high order 


byte of the register selected by N. D is unchanged. 


MEMORY REFERENCE OPERATIONS 


ON LDN 1 2 LOAD VIAN _ M(R(N))—»D; N40. The memory byte addressed by the contents of the 
reg. selected by N, R(N), replaces the byte in the D reg. Memory is un- 


changed. 

M(R(N)) —»D; R(N)+1. The memory byte addressed by R(N) replaces the 

byte in the D reg. The memory address, R(N), is incremented. Memory is 

unchanged. 

M(R(X))—»D. The memory byte addressed by the contents of the reg. | 

selected by X, R(X), replaces the byte in the D reg. Memory is unchanged. 

M(R(X))—>D; R(X)+1. The memory byte addressed by R(X) replaces the 

byte in the D reg. The memory address, R(X), is incremented. Memory is 

unchanged. 

F8 LDI 2 2 LOAD IMMEDIATE M(R(P))—»D; R(P)+1. The memory byte following the F8 instruction 

<B2> replaces the byte in the D reg. The program counter R(P) is incremented 

to point to the next instruction. 

D—» M (R(N)). The byte in the D reg. replaces the memory byte addressed 

by the contents of the reg. selected by X, R(X). D is unchanged. 

‘STORE VIA X AND DECREMENT D—»M(R(X)); R(X)—1. The byte in the D reg. replaces the memory byte ad- 
dressed by R(X). The memory address, R(X), is decremented. D is un- 
changed. 


4N LDA 1 2 LOAD VIA N AND ADVANCE 


FO LDX 1 2 LOAD VIA X 


72 LDXA 1 2 LOAD VIA X AND ADVANCE 


5N STR 1 2 STORE VIA N 


73 STXD 1 2 


LOGIC OPERATIONS 


F1 OR 1 2 OR MEMORY WITH D M(R(X)) OR D—»D. The 8 bit contents of the D reg. are logically ORed 


-with the contents of the memory byte addressed by R(X). 
FQ ORI 2 2 OR IMMEDIATE WITH D M(R(P)) OR D—>D; R(P)+1. The 8 bit contents of the D reg. are logical- 
<B2> ly ORed with the memory byte following the F9 instruction. R(P) is in- 
. cremented to point to the next instruction. 
M(R(X)) XOR D—»D. The 8 bit contents of the D reg. are logically XORed 
with the memory byte addressed by R(X). 
FB XRI 2 2 EXCLUSIVE OR IMMEDIATE M(R(P)) XOR D—>D; R(P)+1. The 8 bit contents of the D reg. are 
<B2> logically XORed with the memory byte following the F8 instruction. R(P) 
is incremented to point to the next instruction. 
M(R(X)) AND D—»D. The 8 bit contents of the D reg. are logically ANDed 
with the memory byte addressed by R(X). 
FA ANI 2 2 AND IMMEDIATE WITH D M(R(P)) AND D—»D; R(P)+1. The 8 bit contents of the D reg. are 
<B2> logically ANDed with the memory byte following the FA instruction. R(P) 
is incremented to point to the next instruction. 


F3 XOR 1 2 EXCLUSIVE OR 


F2 AND 1 2 AND MEMORY WITH D 


<B2> = 2nd byte of instruction. 
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The DF flip flop can only be altered by arithmetic and shift operations. H 1802A/1802B 
After an add instruction, DF=1 denotes a carry has occurred. 
After a subtraction instruction, DF =0 denotes a borrow. D is in Two’s compliment form. 


The syntax — “(NOT DF)” denotes the subtraction of the borrow. 
INSTRUCTION SUMMARY (Continued) 


NO. 
OP. MNEM—~ OF — MACH. | 
CODE ONIC BYTES CYCLES INSTRUCTION DESCRIPTION OF OPERATION 


F6 SHR 1 2 SHIFT D RIGHT SHIFT D RIGHT; LSB(D) -»DF, 0 —>MSB(D). The 8 bits in D reg. are 
shifted one bit position to the right. The original LSB of D reg. is placed 
in DF. A “0” is placed in the MSB of D. 


76 SHRC 1 2 SHIFT D RIGHT WITH CARRY SHIFT D RIGHT; LSB(D) —-»>DF, DF —>MSB(D). The 8 bits in D are shifted 
RSHR RING SHIFT RIGHT one bit position to the right. The original LSB of D is placed in DF. The 
original content of DF is placed in MSB of D. 
FE SHL 1 2 SHIFT D LEFT SHIFT D LEFT; MSB(D)—»DF, 0—»LSB(D). The 8 bits in D are shifted one 


bit position to the left. The original MSB of D is placed in DF, A “0” is 
placed in the LSB of D. 
7E SHLC 1 2 SHIFT D LEFT WITH CARRY SHIFT D LEFT; MSB(D)—»DF, DF —»LSB(D). The 8 bits in D are shifted 
RSHL RING SHIFT LEFT one bit position to the left. The original MSB of D is placed in DF. The 
original content of DF is placed in LSB of D. 


ARITHMETIC OPERATION 


F4 ADD 1 2 ADD MEMORY WITH D M(R(X))+D—»DF,D. The memory byte addressed by R(X) is added to the 
contents of the D reg. DF receives any carry generated from the addition. 

FC ADI 2 2 ADD IMMEDIATE WITH D M(R(P))+D—»DF,D. R(P)+1. The memory byte following the FC instruc- 

<B2> tion is added to the D reg. DF receives any carry. R(P) is incremented to 
point to the next instruction. 

74 ADC 1 2 ADD MEM. WITH CARRY M(R(X))+D+DF—»DF,D. The memory byte addressed by R(X) plus the con- 
tent of DF are added to the D reg. DF receives any carry generated from 
the addition. 

7C ADCI 2 2 ADD IMMED. WITH CARRY M(R(P))+D+DF—»DF,D; R(P)+1. The memory byte following the 7C in- 

<B2> struction plus DF are added to the D reg. DF receives any carry. (R(P) 
points to the next instruction. 

F7 SM 1 2 SUBTRACT MEM FROM D D—M (R(X))—»DF,D. The memory byte addressed by R(X) is subtracted 

(2’s Compliment) from the D reg. Any resulting carry is stored in DF (DF=0 indicates a bor- 
row). 

FF SMI 2 2 SUBTRACT MEM. IMMED. FROM D D—M (R(P))—»DF,D; R(P)+1. The memory byte following the FF instruc- 

<B2> (2’s Compliment) tion is subtracted from the D reg. Any carry is stored in DF. R(P) points to 
the next instruction. 

77 SMB 1 2 SUBTRACT MEMORY WITH D—M (R(X))— (NOT DF)—»DF,D. The memory byte addressed by R(X) plus 


BORROW (1’s Compliment +DF) the borrow indicator, DF, is subtracted from the D reg. Any resulting 
carry is stored in DF. 


fF SMBI 2 2 SUB. MEM. IMMED. WITH BOR- D—M(R(P))—NOT DF)—»DF,D; R(P)+1. The memory byte following the 
<B2> ROW (1’s Compliment +DF) 7F instruction plus DF is subtracted from the D reg. Any carry is stored 
in DF. R(P) points to next instruction. 
F5 SD 1 2 SUBTRACT D FROM MEMORY M(R(X)) -D—»DF,D. The 8 bit contents of the D reg. are subtracted from 
(2’s Compliment) the memory byte addressed by R(X). DF receives any carry. Memory is un- 
changed. 
FD SDI 2 2 SUB D FROM IMMEDIATE M(R(P)) - D—»DF,D; R(P)+1. The contents of the D reg. are subtracted 
<B2> (2’s Compliment) from the memory byte following the FD instruction. DF receives any 
carry. R(P) points to the next instruction. Ti, 
75 SDB 1 2 SUB D WITH BORROW M(R(X)) — D—(NOT DF)-»DF,D. The contents of the D reg. plus DF are 
(1’s Compliment +DF) subtracted from the memory byte addressed by R(X). DF receives any 
carry. Memory is unchanged. = 
7D SDBI 2 2 SUB D WITH BORROW, IMMED. M(R(P))—D—(NOT DF)-»DF,D; R(P)+1. The D reg. plus DF are subtracted 
<B2> (1’s Compliment +DF) from the memory byte following the 7D instruction. DF receives any 


. carry (R(P) points to the next instruction. 
BRANCH OPERATIONS 


30 BR 2 2 UNCONDITIONAL BRANCH M(R(P)) —>R(P)-0. The byte following the 30 instruction always replaces 
<B2> the low order byte of the program counter R(P). 
38 NBR 1 2 NO SHORT BRANCH R(P)+1. The byte following the 38 instruction is always skipped. This in- 
struction may also be considered a SHORT SKIP. 
32 BZ 2 2 SHORT BRANCH IF D=0 IF D=0, M(R(P))—»R(P)-0; ELSE R(P)+1. If each bit of the D reg. is “0” 
<B2> the byte following the 32 instruction replaces the low order byte of the 
program counter R(P). If D#0, R(P) is incremented to point to the follow- 
ee ing instr. 
3A BNZ 2 2 SHORT BRANCH IF D 40 IF D+0, M(R(P)) — R(P)-0; ELSE R(P) + 1. If any bit of the D reg. is “1” the 
<B2> immediate byte replaces the low order byte of R(P). If D=0, R(P) points to 
the following instruction. All short branches below are similar in operation. 
33 BDF 2 2 SHORT BRANCH IF DF =1 IF DF=1, M(R(P))—»R(P)-0; ELSE R(P)+1. This instruction may also be 
<B2> called a short branch if pos or zero (BPZ) or short branch if greater or 
equal (BGE). 
3B BNF 2 2 SHORT BRANCH IF DF =0 IF DF =0, M(R(P))—»R(P)-0; ELSE R(P)+1. This instruction may also be 
<B2> called a short branch if minus (BM) or short branch if less (BL). 
es BQ 2 2 SHORT BRANCH IF Q=1 IF Q=1, M(R(P)) —»R(P)-0; ELSE R(P) +1. 
B2 
39 BNQ 2 2 SHORT BRANCH IF Q=0 IF Q=0, M(R(P))—»R(P)-0; ELSE R(P)+1. 
<B2> 
34 B1 2 2 SHORT BRANCH IF EF 1 =1 IF EF1=1, M(R(P))—»R(P)-0; ELSE R(P)+1. 
<B2> 
Boy BNI 2 2 SHORT BRANCH IF EF1=0 IF EF 1=0, M(R(P)) »R(P)-0; ELSE R(P)+1. 
<B2 
aN B2 2 2 SHORT BRANCH IF EF2=1 IF EF2=1, M(R(P))—»R(P)-0; ELSE R(P)+1. 
<B2 


Instruction is associated with more than one mnemonics. 
<B2> = 2nd byte of instruction. 
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All instructions require two machine cycles except Long Branches and Long Skips which take three machine cycles. 
Each machine cycle = 8 external clocks, i.e. @ 6.4 MHz, cycle = 1.25us. 


EF =1, if EF input = 0 (GND). 


INSTRUCTION SUMMARY (Continued) 


3D 1 BN2 Ps 2 SHORT BRANCH IF EF2=0 IF EF2=0, M(R(P)) —»R(P)-0; Else R(P)+ 1. 

<B2> 

a B3, 2 2 SHORT BRANCH IF EF3=1 IF EF3=1, M(R(P))—»R(P)-0; Else R(P)+1. 
B2 

aos BN3 2 2 SHORT BRANCH IF EF3=0 IF EF3=0, M(R(P))—» R(P)-0; ELSE R(P)+1. 

B2 

37 1 B4, 2 2 SHORT BRANCH IF EF4=1 IF EF4=1, M(R(P))—»R(P)-0; Else R(P)+1. 

<B2> 

3F 1 BN4 2 2 SHORT BRANCH IF EF4=0 IF EF4=0, M(R(P))—»R(P)-0; Else R(P)+ 1. 

<B2> 

CO 1 LBR 3 3 UNCONDITIONAL LONG M(R(P))—»R(P)-1, M(R(P + 1))—»R(P)-0. The two bytes following the CO 

<B2> <B> BRANCH instruction always replace the high and low order bytes of the program 
5 counter R(P) 

C8 NLBR 1 3 NO LONG BRANCH R(P)+2. The next two bytes after the C8 instruction are always skipped. 
This instruction may also be considered a Long Skip. 

C2 1 LBZ 2 3 LONG BRANCH IF D=0 IF D=0, M(R(P))R(P)-1, M(R(P + 1))—»R(P)-0; Else R(P)+2. If all bits of the 

<B2> <B3> D reg. are “0”, the two bytes following the C2 instruction replace the con- 
tents of the program counter, R(P). If not R(P) points to the next instruc- 
tion. All long branches below are similar in operation. 

CA 1 cent 3 3 LONG BRANCH IF D ¢ 0 If D not 0, M(R(P))—»R(P)-1, M(R(P + 1))—»R(P)-0. Else R(P)+2. 

<B2> B3> 

C3 LBDF 3 3 LONG BRANCH IF DF=1 IF DF=1, M(R(P))—»R(P)-1, M(R(P + 1)) »R(P)-0; Else R(P)+2. 

~B2!' «BB 

CB LBNF 3 3 LONG BRANCH IF DF =0 IF DF=0, M(R(P))—»R(P)-1, M(R(P + 1))—»R(P)-0; Else R(P) +2. 

<B2>! <B> 

C1 LBQ 3 3 LONG BRANCH IF Q=1 IF Q=1, M(R(P))—»R(P)-1, M(R(P + 1))—»R(P)-0; Else R(P) +2. 

<B2>' <3) 7 

cg LBNQ 3 3 LONG BRANCH IF Q=0 1 Q=0, M(R(P))—R(P)-1, M(R(P + 1))—»R(P)-0; Else R(P)+2. 

<B2)' <B3> 

38 SKP 1 2 SHORT SKIP R(P)+1. Always skips the following byte. Also called No Short Branch 
(NBR). 

C8? LSKP 1 S LONG SKIP R(P)+ 2. Always skips the following two bytes. Also called No Long 
Branch (NLBR). 

CE LSZ 1 3 LONG SKIP IF D=0 IF D=0, R(P)+2; Else Continue. If all bits of D are “O”, the next two bytes 
following the CE instruction are skipped. If not, they are accessed as the 
next instruction. 

C6 LSNZ 1 es) LONG SKIP IF D # 0 IF D NOT 0, R(P)+2; Else Continue. 

CF LSDF 1 3 LONG SKIP IF DF=1 IF DF=1, R(P)+2; Else Continue. 

C7 LSNF 1 3 LONG SKIP IF DF=0 IF DF=0, R(P)+2; Else Continue. 

CD LSQ 1 3 LONG SKIP IF Q=1 IF Q=1, R(P)+2; Else Continue. 

C5 LSNQ 1 3 LONG SKIP IF Q=0 IF Q=0, R(P)+2; Else Continue. 

CC LSIE 1 3 LONG SKIP IF IE=1 IF |E=1, R(P)+2; Else Continue. 1E is interrupt enable. 

CONTROL OPERATIONS 

00 IDL 1 2 IDLE (WAIT) M(R(0))—»Bus. The processor repeats execute (S1) cycles until an I/O re- 
quest (INTERRUPT, DMA-iN, or DMA-OUT) is asserted. 

C4 NOP 1 3 NO OPERATION The processor performs no change of status during this instruction. 

DN SEP 1 2 SET P N=—P. The low order hex digit of the instruction is placed in the P 
register and designates which register is to serve as program counter, 
R(P). 

EN. SEX 1 2 SET X N—»X. The low order hex digit of the instruction is placed in the X 
register. 

7B SEQ 1 2 SET Q 1—~@Q. Sets the Q flip flop to logic high. 

7A REQ 1 2 RESET Q 0-»Q. Resets the Q flip flop to a logic low. 

78 SAV 1 2 SAVE T—»> M(R(X)). The T reg. containing previous X and P information is stored 
in the memory location addressed by R(X). 

79 MARK 1 2 PUSH X, P TO STACK (X,P)-—T; (X,P)—»M(R(2)), Then P—»X; R(2) — 1. The current contents of 
X and P are stored in temporary reg. T and memory addressed by R(2). 
New P is set equal to X and R(2) is decremented. 

70 RET 1 2 RETURN M(R(X))-(X,P), R(X)+1; 1—»1E. The memory byte addressed by R(X) 
replaces X and P contents. The memory address, R(X), is incremented 

71 DIS 1 2 DISABLE and IE is enabled. M(R(X)) —(X,P), R(X)+ 1; O-—»IE. Same operation as 
RET except IE is disabled. Both RET and DIS are used primarily in 
returns from interrupt processing. 

INPUT/OUTPUT OPERATIONS 

6N OUT 1 2 OUTPUT M(R(X))-»Bus; R(X)+1. N=1—7. When N is 1 through 7, the memory byte 
addressed by R(X) is accessed and placed on the memory bus. The three 
low order bits of N are also placed on the N2—N0 signal lines memory 
address. R(X) is incremented. 

6N INP 1 2 INPUT Bus —>M(R(X)); Bus—»D. N=9—F. When N is 9 through F a byte is input 
to the D reg. and the memory location addressed by R(X). The low order 3 
bits of N are placed on the N2—N0 signal line. R(X) is not modified. 

NOTE: 


1. Instruction associated with more than one mnemonic. 
2.<B2> = 2nd byte of instruction. <B3> = 3rd byte of instruction. 
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TYPICAL POWER DISSIPATION 


FOR — 1802A 


SPEC 
VALUE . 
AT 50 pF NOTES: CLOCK INPUT FREQUENCY (fCL) — MHz 
FIG. 4 Typical maximum clock frequ IDLE = “00” AT M(0000) 
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instruction for 1802A. 
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TABLE 1 — . 
CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES 


R(0) 1 | A 
UNDEFINED 


FIRST CYCLE AFTER RESET : R(0) 
ae NOT PROGRAMMER ACCESSIBLE INITIAL EE eed UNDEFINED aa 
0 M(R(P))—+1,N RP) +1 MRP) [RP | o | Cc | 
[Load=0 (Program Idie)] MRO)  |RO | oO | D | 
IDL 
a | PREVIOUS 
[Load=1 (Load Mode)]_ M(R(0)) opntce a4 E 
LOAD [D VIA NJ M(R(N)) —>D M(R(N)) [| RIN) | 
INCREMENT R(N) +1 
DECREMENT R(N)—1 FLOAT R(N) 
SHORT (BRANCH NOT TAKEN) M(R(P)) R(P) | Oo | 
BRANCH (BRANCH TAKEN) MRP) RP) CEC 
LOAD ADVANCE M(R(N))—>D R(N)+1 M(R(N)) R(N) ae ee 
STR |STORE VIAN Oe MIR) a aoe 
INC REG X R(X) +1 MR) [RX | 0 | 
M(R(X))—>BUS R(X) +1 mo 


M((R)(X))—>{X, P) 
RET RETURN R(X) 44 tele M(R(X)) R(X) 


M(R(X))—>(X, P) 
Jos fosane—__[ mente wooo fs | 
AND ADVANCE P(X) — 1 
STORE VIA X D— M(R(X)) 
P= ALU OPERATION MRM) RO) 
=A OPERATION FLOAT _[RX) Sd | 
SAV T—> MIRO) OE red WON eh fe al 
(X,P) —>T, M(R(2)) 

[REQ __| RESET Q =0 FLOAT | (RIP) Se eee 
| | ALU OPERATION IMMEDIATE M(R(P)) R(P) | Oo | 
ALU OPERATION FLOAT 

GET LOW R(N) 

GET HIGH 

PUT LOW (N) .0 7 ee |; re 

PUT HIGH ee (a 
LONG MBC) 

BRANCH (BRANCH TAKEN) M(R(P)) 
LONG (SKIP NOT TAKEN) M(R(P)) 
SKIP (SKIP TAKEN) M(R(P)) R(P) 

NO OPERATION NO OPERATION (R(P)) 


SET P 


SET X N—>X NN 
DX LOAD VIA X M(R(X)) —»>D M(R 


Zl= 

zi|v 

vu 
2\z 
EAE 


ON} on 
mim 
<;U 


L 
ae ALU OPERATION MIR(X)) R(X) 


SHIFT D RIGHT 
SHIFT RIGHT LSB(D) DF 0-» MSB(D) FLOAT 


D) 
LOAD 
MEDIATE M(R(P))—»D R(P) +1 M(R(P)) 
ALU OPERATION 
IMMEDIATE ial 


Zz 
= 


= he 
ae ee 


~_ |SHIFT LEFT ALU OPERATION FLOAT R(P) 1 [| 
0 
IN REQUEST DMA IN BUS—»M(R(0)) R(0) +1 ae R(0) 1 
S__| our Request M(R(Q))— BUS R(0)+1 MRO) [RO | o | F | 
$3 INTERRUPT De ele | FLOAT R(N) 1 
2—»> xX, i—>P 


NOTES: 

A. |E=1; TPA, TPB suppressed, state=S1 
B. BUS=0 for entire cycle 

C. Next state always S1 

D. Wait for DMA or Interrupt 

E. Suppress TPA, wait for DMA 

F. In Request has priority over Out Request 
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CS Be a BO Se Re ee a ee H 1802A/1802B 
CLOCK DLL LLY LALA PAL AL_AQWWP_PFAW_0_ FLAS 


Ord) SBS Ae eB ROR Ae BE BS Ge, SF De 4 
UO pate, ee clock “LTA AAA 
TPB ae ee ee! lee ee a peace el: Me ee 
MACHINE CYCLE CYCLE n CYCLE (n + 1) TPB mm | 
MACHINE 
INSTRUCTION FETCH (S0) EXECUTE (S1) CYCLE CYCLE n CYCLE (n + 1) 
MRO ee ee CS INSTRUCTION FETCH (SO) EXECUTE (S1) 
NOUN 2 oe ee MAD Mg ee ee ee ae 
MWR Leal NON 26 ia oo eS a” Neg Ne 
MEMORY ALLOWABLE MEM 
SutUT MME ZLZZZ 277777 vee ae eon 
can SERRE alll 2 
ALLOWABLE MEMORY ACCESS *—VALID OUTPUT ¢— VALID DATA FROM oe CMLL LLL LILLE EER 
aiRacaue INPUT DEVICE DATA STROBE* A Si Aas MEMORY 


LLOWABLE MEMORY ACCESS LyaLip OUTPUT 


MEMORY (MRD TPB N) 
Le —§, Seo - ele, MEWORY atten +l, uewory ——+ 
* User generated signal * User generated signal 
FIG. 7 Memory — In cycle FIG. 8 Memory — Out cycle 


MACHINE 


CYCLE CYCLE (n_ +1) CYCLE (n+ 2) 
INSTRUCTION FETCH (SO) EXECUTE (S1) FETCH (SO) 
DMAIN* "2777 LLLLLLLLLAALALLLALL LLL DD (7227 L222 L222) XLLILLLLLL LLL AL 
MRD 
FIG.9 DMA — Incycle oz Ses ee 5 


VALID DATA FROM INPUT DEVICE 
DATA BUS * 


MEMORY 
OUTPUT 
VALID OUTPUT VALID OUTPUT _4 


! I I 
MEMORY | MEMORY READ, WRITE ' MEMORY > MEMORY 
i READ CYCLE ——— SOR NON-MEMORY CYCLE > WRITE CYCLE ; READ CYCLE 


* User generated signal 


MACHINE "[Gycten 1] : : 

CYCLE CYCLE Nn CYCLE (n + 1) CYCLE (n + 2) CYCLE (n > 3) 
INSTRUCTION FETCH (S0) DMA (S2) FETCH (50) an 
DMA OUT* "2777 PLZZ LLLLLLLLLLLLLLLLLLLD VIZZLLLLLD CZILZLLLLLLLLLLLL 

FIG. 10 DMA — Outcycle —— Wentacta aietane : 
MWR 5 
MEMORY chess 
OUTPUT secant ET TTA A a UST Cf mE FSET! RR 
DATA VALID OUTP J 
STROBE * UTPUT VALID DATA FROM MEMORY VALID OUTPUT 
(S2- TPB) ! ! 


te——— MEMORY > }+—— MEMORY — |g MEMORY , ‘ MEMORY l 
! READ CYCLE i READ, WRITE OR READ CYCLE | READ CYCLE 


NON-MEMORY CYCLE! 1 
* User generated signal 


cre , E 
CYCLE - oe CYCLE (n+ 1) CYCLE (n - 2) CYCLE In = 3) 
INSTRUCTION FETCH (SO) EXECUTE ($1) INTERRUPT (S3) FETCH (SO) 
MRD ag LE EER 5 
FIG. 11 Interrupt cycle 
WR ee 


INTERRUPT * "PS SJ JDJ) SS) J) 7) //)/ 7) TA VV) )ITS71770770777777777777/7777 


(INTERNAL) IE l 
MEMORY 4 
OUTPUT (L£iLLLL LLL LL V/2LL£i 4 il2dlamn 2 Or ee Mm LLLLLLLLL LL 
———— 
VALID OUTPUT. VALID OUTPUT 

| Mewony \ MEMORY I I { 
-——__— EM >be . READ, WRITE OR NON-MEMORY CYCLE >} + MEMORY >| 
’ READ CYCLE NON-MEMORY CYCLE READ CYCLE : 


* User generated signal 


“Don't Care” or internal delays 
= High impedance state 
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STATE DIAGRAM ~The 1802A state transitions when in the run 


DMA 


S2 = (10) 
DMA IN/OUT } 
ie CYCLE CYCLE CYCLE 


SC1- ;~SCO mode are shown to the left. Each machine cycle 
SX = (XX) 4 _ y 0-Vv requires 8 clock pulses except the initialization 

CC Ss cycle, after reset, which requires nine clock 
pulses. 


INT e DMA 


The execution of an instruction requires either 
_ two or three machine cycles, an SO cycle 
followed by a single S1 cycle, or two $1 cycles. 
$2 is the response to a DMA request and S3 is 
~ the interrupt response. Table 1 shows the con- 
ditions on the Data Bus and memory address 
line during all machine states. 


S3 = (11) 
INTERRUPT 


|__| 


ONE BYTE AND~— THREE BYTE DMACYCLE DMA BLOCK INTERRUPT 
TWO BYTE INSTR INSTRUCTION STEAL TRANSFER SERVICE 
CYCLES CYCLE 


INTERFACE DESCRIPTION 


CLOCK,XTAL: The clock reference to the microprocessor may be supplied by an externally 
generated single phase clock to the Clock input or by an on-chip oscillator by using a crystal in parallel 
with a resistor (10 MOtypical) tied between the Clock and XTAL inputs. Frequency trimming capacitors 
may be required at terminals 1 and 39. | 


WAIT, CLEAR: These input control lines provide four internal CPU modes: 


The functions of the modes are defined as follows: 


Load: holds the CPU in the Idle execution state and allows a peripheral device to load memory 
without need for a “bootstrap” loader. It modifies the Idle condition so that the DMA-IN operation 
does not force execution of the next instruction. 


Reset: resets registers |, N and Q and places 0’s (VSS) on the data bus, IE is set and the $1 state is 
forced. TPA and TPB are suppressed while Reset condition is held. The first machine cycle after 
termination of reset initializes the CPU by resetting registers X, P, and R(0). The next cycle is an 
SO, S1, or an S2 but never an S3 (interrupt). By using a 71 instruction followed by 00 at memory 
locations 0000 and 0001, respectively, IE may be reset to preclude interrupts until the user is ready 
for them. Power up Reset can be realized by connecting an RC network directory to the Clear in- 
put, since it has a Schmitt triggered input. 


Pause: stops the internal CPU timing generator on the first negative (high-to-low) transition of the 


input clock. The oscillator continues to operate but all subsequent clock transitions are ignored 
internally while in this mode. 


Run: If initiated from the Pause mode the CPU resumes operation on the first negative transition 
of the input clock. When initiated from the Reset operation the first machine cycle following Reset 
is always the initialization cycle, followed by a DMA (S2) cycle or fetch (SO) from location 0000 in 
memory.  ° | . | 


Q, EF1-EF4: The Q output is set or reset under program control. The EF1-EF4 user generated inputs are 
tested under program control. These signals may be used for serial transmission or external control 
and status. The input flags are sampled at the beginning of every S1 cycle. Q is set or reset 
between the trailing edge of TPA and leading edge of TPB. 


160 


H 1802A/1802B 
INTERFACE DESCRIPTION (Continued) 


SCO, SC1:These state code outputs indicate internal CPU modes of operation: 


| sci | sco | STATETYPE 


SO — Fetch Instruction Cycle 

S1 — Execute Instruction Cycle 
S2 — DMA Input or Output Cycle 
S3 — Interrupt Response Cycle 


MWR: The negative write pulse output indicates address lines are stable during a memory write cycle. 


BUS 0— BUS 7: These 8 bi-directional three-state lines are used to transfer data between the memory, 
the microprocessor, and I/O devices. 


Vcc; Vss, Vpp: These power supply input pins allow several options since the internal voltage supply 
VDD is isolated from the I/O interface supply Voc. The processor may operate at maximum speed, 
governed by Vpp, while interfacing T2L through Vcc. VCC must be less than or equal to Vpp. All out- 
puts swing from Vss to’ VCC. 


N2, N1, NO: These three lines can directly select seven input ports and seven output ports under !/O 
instruction control. They are all low during non I/O operations. Input ports are selected when MRD is 
high and output ports are selected when MRD is low. 


MAO — MA/7: These 8 output lines contain the memory address. The high order 8 bits are present dur- 
ing the TPA timing pulse. The low order bits appear after termination of the TPA pulse. 


TPA, TPB: These positive timing pulse outputs are available once each machine cycle to control I/O in- 
terfaces. TPA is Suppressed in idle when the CPU is in the load mode. 


MRD: The negative pulse output indicates a memory read cycle and may be used to control the three- 
state outputs of memories and to control I/O to memory interfacing during an I/O instruction. 


¢ MRD = VCC indicates data transfer from I/O to CPU and Memory. 
¢ MRD = VSs indicates data from Memory to I/O. 


INTERRUPT, DMA-IN, DMA-OUT: These three mode request inputs are sampled during the execution 
cycle of each instruction. In concurrent requests the following priority is set up: (1) DMA-In (2) DMA-Out 
(3) Interrupt. In DMA modes, array register R (0) points to a memory area and is incremented during 
each data transfer. In the Interrupt mode, the X and P indicators are stored in temporary register T, the 
X and P indicators are set to hex 1 and 2 respectively and the Interrupt Enable flip flop is reset. 


SYSTEM BLOCK DIAGRAM 


ADDR BUS 


8 BIT BIDIRECTIONAL DATA BUS 
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APPLICATION PROGRAM - 
Compare changing input’ for L Limits, and then Reset. 


hy, FROM ; 


MAIN - 
PROGRAM 


_ — INPUT 
-OPERAND 


TO MAIN 
PROGRAM 


SEND RESET 
PULSE (Q) | 


ASSEMBLY LANGUAGE | es MACHINE LANGUAGE 


ADDRESS CODE 
LOOP: INP OPER ee INPUT OPERAND TO D 010F 6C 
SDI # LIMIT e* SUBTRACT LIMIT — OPERAND 0110 FD 
| . | | 0111 10 
BDF LOOP’ ee BRANCH TO LOOP IF 0112 33 
NO BORROW (LIMIT > OPERAND) 0113 OF 
SEQ ee SETQ 0114 7B 
NOP | ee DELAY 3 MACHINE CYCLES 0115 C4 
REQ ee RESET Q 0116 7A 
@ ®@ 
e@ @ 


INPUT CHANNEL = 4, LIMIT = 104. 


Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed by Hughes 
for its use; nor for any infringements or patents or other rights of third parties which may result from its use. No license is 
granted by implication or otherwise under any patent or patent rights of Hughes. , 


: 
S AIRC FART COMPANY 


In Europe: Hughes Solid State Products 
500 Superior Avenue Hughes International Service Co. Printed in U.S.A. 
Newport Beach, CA 92663 Schmaedel Str. 22,8000 Munich, Germany Rev. N/C 4/83 
Telephone (714) 759-2942 TWX: 910-596-1374 Telephone: 49-89-834. 7088 Telex: 5213856 HSPD Supersedes Previous Data 
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' HUGHES SOLID STATE PRODUCTS | H 1852 


H1852C 


L | 
HUGHES AIRCRAFT COMPANY 


1800 CMOS Microprocessor Famiiy 
Input/Output Port 


DESCRIPTION 


Hughes’ 1852 is an 8 bit mode programmable CMOS Input or Output Port. The device acts as a 
buffer between the 1802A data bus and the peripheral data bus. It can also be used as an 8 bit 
address latch for multiplexed address buses. 


The Mode control signal programs the 1852 as an input port mode (mode = 0) or an output 
port (mode = 1). As an input port, data (DI 0-DI 7) is strobed from the peripheral into the 8 bit 
buffer register by a logic high on the Clock signal input; the negative clock transition sets 
the service request flip flop low (SR = 0) and latches data. When the CS1 and CS 2 signals 
are enabled, the data (DO 0-DO 7) is read onto the microprocessor bus. The signal SR is then 
reset (SR = 1) on the negative transition CS1 ¢ CS2. As an output port, data (DIO-DI 7) is 
strobed into the buffer register by the microprocessor when CS 1, CS 2, and the Clock input 
are activated. The Service Request is set on the negative transition of CS1 ¢ CS2, and will 
remain until the following negative transition of the clock. The Output driver is always 
enabled when the output mode is chosen. A Clear control allows asynchronous resetting of the 
port’s register (DO 0-DO 7) and service request flip flop. 


The 1852 operates over a 4—10.5 voltage range while the 1852C operates over a 4—6.5 voltage 
range. The 1852 is available in a 24 lead hermetic dual-in-line ceramic package (D suffix), plastic 
package (P suffix), cerdip (Y suffix) or leadiess chip carrier (L suffix). Devices in chip form (H suffix) 
are available upon request. 


FEATURES 

e Static Silicon Gate CMOS Circuitry ¢ Stored Service Request 

e Interfaces Directly with 1802A e Asynchronous Register Clear 
Microprocessor without Additional ¢ Single Voltage Supply 
Components. 


_¢ Low Quiescent and Operating Power 
e Parallel 8 Bit Data Register and Buffer 


FUNCTIONAL DIAGRAM PIN CONFIGURATION 


oe Bs cate J cs1/7cSi1C_}1 °® Vop 
ai DEVICE CONTROL een MODECL_| 2 SR/SR 
SELECT LOGIC 
cs 2 13 DECODE DI 0 = 3 DI 7 
24 = VoD DOO L_] 4 DO 7 
MODE —% 12 = Vsg 
CLOCK Li DI1C_] 5 DI 6 
CLEAR 
pDo1iC_] 6 DO 6 
at 2 RESET CLOCK - D0 0 DI2C_] 7 DI 5 
pie 8 p02 DO 2L__] 8 DO 5 
et Joma. (eee aay ae DI 4 
ae 18°] REGISTER yeas lie Bae DI 3 
pi6 Se | 1S» D0 6 DO 3 _]10 | DO 4 
Be be CLOCK (11 | CLEAR 
POLARITY DEPENDS ON MODE C8 2 
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| Operating Temperature Range (TA) 


ABSOLUTE MAXIMUM: RATINGS — ; . oe : Oo : ey NOTE: Stresses above those listed under A 


“Absolute Maximum Ratings” may cause perm- } 


anent damage to the device. This is a stress 


Ceramic Package Puedes toa en eee = 55) to+125°C © | e. rating only. and functional operation of the 
Plastic Package ............ ial . —40 to+ 85°C = == ~—_—_ device at these or any other conditions above 
pc Supply- Voltage Range (Vpp) 5, oases at . those indicated in the operational sections of ‘ 
(All voltage values referenced to VSs terminal) % this specification is not implied. Exposure to |” 
° -4Q59 —0.5 to+13 Volts — absolute maximum rating conditions for ex- 
Uo Tee pep yee Fe ek ew eg hee nas a tended periods may affect device reliability. 
VO 2 sir sas Gy ah Lack Resa te henner eats —0.5 to+7 Volts 
Storage Temperature Range (Tstg) .... —65 to+ 150°C 


OPERATING CONDITIONS at Ta = Full Package Temperature Range. 


apa: Voltage Range (At Ta = Full 1 | 
Package ee ce Range) 0.5 6.5 a 


Static ee Characteristics at Ta = — 40 to + 85°C, Vpp = + 5% 


Gulescantbavics Curent lap =o 
ONO Oe tet HOO pases a ae 


Output Low. Drive (Sink) Current, lo. BE Bm 


| Output High Drive Source) Curent io 28} OS | 8} =36 | =28 1 = 4 16 | 223 | =| mp 


9s {oso | yo | mo | me ff fe | a 


Output Voltage Low Level, Vo" 


Output Voltage High Level, Voy 


fap ignvonade: Vii Mess eel ee eae 
Input Current, liN a ee #1 


: 

ee 
+ 

a 


a 7 
ia ie SM ae ee 


rover a= Peete et 


Output Capacitance, Coyt 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = — 40 to +85°C, Vpp =+5%, ty, te = 20ns, Vip = 0.7 Vpp, ViL=9-3 Vpp; 
C_ = 100pF, and 1 TTL Loan. LIMITS AT Vpp = + 10V APPLY TO THE 1852 ONLY. 


Pecuted sete Pwo wate | = | = | fo | = | | fm | = | 
p= | f= | | |e | 
pi [me fi] e |e is |e 
Se ee SE eae eae 


* Typical Values are for Ta =+25°C and nominal Vpp 
NOTE 2: Operating current is measured at 2MHz in an 1802 system with open outputs and a program of alternating 1 and 0 data pattern. 


NOTE 1: lot = 10H = 1pA 
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DYNAMIC ELECTRICAL CHARACTERISTICS, cont. H 1852/1852C 


CONDITIONS LIMITS 


CHARACTERISTICS ee 1852C UNITS 
| | tw min. | typ* | Max. | Min. | Typ.* | Max. | 
Propogation Delay Times, tp_H, tPHL 


Service Request: 
Clear to SR, tRSR 


3] s 8 kibed 
ing EET? aaa 
Data Output Hold Time’, tpoH 15 100 203 
Select to Data Output', tspo re ta ie tae 200 BEE 
Clear to Data Output, tapo 10 70 140 = = 


* Typical Values are for Ta = + 25°C and nominal Vpp 
NOTE 1: Minimum value is measured from CS 2; maximum value is measured from CS 1. 


SYSTEM INTERCONNECT 
INPUT MODE SYSTEM INPUT MODE CS1°CS2 is the overlap of CS1 = 1 and CS2 = 1 


RESET 


CLOCK tww 


tps tDH 
PERIPHERAL | DATA IN CII NOT 


INTERFACE t 
DATA AND — -—tcsr | 
CONTROL SR tRSR 
FROM ees tSsrA 
PERIPHERAL CLEAR tCLR rand 


t 
tsw DOH 


VALID DATA 


CS1¢CS2 


up { tspo | 
INTERFACE | pata BUS 


MODE = = Vo | MODE 1 OUTFUT) 


DATA OUTPUT _ _ DATA OUTPUT _ 
HIGH IMPEDANCE 
0 DATA LATCH 
DATA LATCH DATA LATCH 
DATA INPUT DATA INPUT 
SR=0 CLOCK (CLEAR = 1, CS1°CS2 = 0) SR=1 CSieCS2} oe =1)_ 
R=1 cocoa. OR (CLEAR) } SR=0 CLOCK} (CLEAR = 1, CSie °CS2 = 0) OR (CLEAR) + 
OUTPUT MODE OUTPUT MODE CS1°CS2 is the overlap of CS1 = 0 and CS2 = 1 


SYSTEM 
Vop RESET CS1°CS2 


INTERFACE CLOCK 


DATA IN SE CE LLL. 


oa oar Ip 
DATA AND DATA OUT fl 
CONTROL TO tRSR ~-twbo ISSR tCSR 
PERIPHERAL PERIPHERAL 
INTERFACE SR aa. ee 


“*write is the overlap of CS1eCS 2 and Clock 
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APPLICATION EXAMPLES 7 
Address Latch 


- 1852 can be used as an address latch to latch the upper byte of the 1802A microprocessor oe i 
memory address in each machine cycle. The figure below shows the v0 ‘port connected ibe oo 


7 this application together “a its associated timing eregrem: 


8 BIT BUFFER 


= HIGH ~ 


DO 
IMPEDANCE — 
UPPER Cog 
ADDRESS 
BYTE TO 
MEMORY 
LOWER 
ADDRESS 
BYTE TO a 
MEMORY 
MACHINE CYCLE — ; 
Ac eases ae hy Se This figure shows 1852 connected as a non- 
CLOCK PLE LELe Le. inverting, three state, 8 bit buffer, with MODE = 0, 
CLOCK = 1 and CS 2= 1, CS 1 can be used as a 
1 oe ee tri-state control. When CS 1 =0, the outputis a high 
RUDE eos DOM eee ee impedance, but when CS 1 = 1 data output equals 


ai amen ere data input. If a high impedance state is not required, 


the CS 1 input can be tied high (CS 1 = 1). 
SIGNAL DESCRIPTION 


DI0-Di1: These 8 input lines are strobed into an internal buffer by a high level on the Clock 
input line and latched by the negative transition of the Clock input. 


DO0-DO7: These 8 output lines reflect the information from the internal buffer when the 


three state drivers are enabled by CS1 ¢ CS2 in the input mode or, at all times, in the output 
mode. 


MODE: This control input sets the 1852 in the input mode with a Vss applied or in the out- 
put mode with Vpp applied. 


CLEAR: This asynchronous reset control clears the buffer register and resets the SR ump 
flop. 


CLOCK: Input Mode: This input strobes data into the buffer when it is activated (high) and 
sets the SR flip flop (SR = 0) while latching data on its negative transition. 


Output Mode: This input along with the chip selects (CS1 ¢« CS2 e Clock = 1) 


trobes data into the buffer. The service request (SR) is set high on the termination 
of CS1¢ CS2 = 1 and reset low on the next negative transition of the clock. 


CS1/CS1, CS2: These chip select controls enable device selection. 


SRISR: This output signal is used as a service request transfer control between the 
microprocessor and peripheral buses. 


Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed 


by Hughes for its use; nor for any infringements or patents or other rights of third parties which may result from 
its use. No license is granted by implication or otherwise under any patent or patent rights of Hughes. 


es a ee ee 7 


HUGHES | ‘SOLID STATE PRODUCTS 


HUGHES AIRC RAF T % ne 


r 
i 
} 
t 
§ 
! 


In Europe: Hughes Solid State Products 
500 Superior Avenue | Hughes International Service Co. 
Newport Beach, CA 926623 , Schmaedel Str. 22, 8000 Munich, Germany _ Printed in U.S.A. 9/83 
Telephone (714) 759-2942 TWX: 910-596-1374 Telephone 49-89-834. 7088 Telex: 5213856 HSPD . Supersedes Previous Data 
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L 
HUGHES AlfRO RAFT COMPANY 


' HUGHES | SOLID STATE PRODUCTS | H 1853 


H 1853C 


1800 CMOS Microprocessor Family 
_N-Bit 1 of 8 Decoder 


DESCRIPTION 


Hughes’ 1853 allows decoding of the 1802A microprocessor generated I/O lines'(NO-N 2) to 
provide direct control for up to seven input and seven output devices. The TPA and TPB clock 
inputs provide control signal output timing while the Chip Enable (CE) input allows multi-level 
I/O expansion for decoding. The 1853 can also be used as a general 1 of 8 decoder for memory 
system applications. 


The 


1853 operates over a 4-10.5 voltage range while the 1853C operates over a 4-6.5 voltage 


range. The 1853 is available in a 16 lead hermetic dual-in-line ceramic package (D suffix), 
plastic package (P suffix), cerdip (Y suffix) or leadless chip carrier (L suffix). Devices in chip 
form (H suffix) are available upon request. 


FEATURES 
Static Silicon Gate CMOS Circuitry e¢ Buffered Inputs and Outputs 
Interfaces Directly with 1802A e Strobed Outputs for Spike-Free Decoding 
Microprocessor without Additional | , 
Components 


PIN CONFI TION 
Provides Control for up to 7 Input | GURATIO 


and 7 Output Devices VoD 


CLOCK B (TPB) 
N2 | 

CE 

OUT 4 

OUT 5 


Low Power Dissipation 


Easy Expansion for Multi-Level 
I/O Systems through Chip Enable. 


FUNCTIONAL DIAGRAM 


15 
CLOCK B be 
(TPB) © , j 


CLOCK A — ie . 
(TPA) | 

e 

O 

e 


OUT 0 
OUT 1 


1 OF 8 OUT 2 
DECODER OUT 3 


OUT 4 

OUT 5 

OUT 6 ~ 
- OUT 7 


7 
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ABSOLUTE MAXIMUM RATINGS j i. 7 Note: Stresses above those listed: 


+, * 7 under “Absolute Maximum Ratings” 

slay ap erate mange (Ta) | | 55 : | + 105°C" may cause permanent damage to the 

eramic rackage........ ‘ ee ee wor eo ar ee ib ihige Gog O aan device. This is a stress rating only and 

Plastic Package err eee Tee ee ee Tee Poe —40 to + 85°C functional operation of the device at 

DC Supply-Voltage Range (Vpp) | _ a _ these or any other conditions above 
(All voltage values referenced to Vss terminal) those indicated in the operational | 
1853 . —0.5 to + 13Volts. sections of this specification is not | 
eoeeeeerkhieerteeeeeeesrtet e#ee @ e@ 8 @ eeees5o3ee34«eoeee#8gee#ee#8e¢ @ . o . lied. Exposure to absolute maximum i 

NBS OC ce bed clen aie oa whan eerie ee enkoeeae —0.5to+7Volts (mp = | 

rating conditions for extended periods | 
Storage Temperature Range (Tgtg) ..--------+++:: —65 to + 150°C may affect device reliability. | 


OPERATING CONDITIONS at TA = Full Package Temperature Range 


Static Electrical Characteristics at Ta = —40° to +85°C Unless Otherwise Specified 


Quiescent Device Current, IL | ee I A = 8. fl 200" 
Ca Sar = 


— 
m 
pe ee eee 
3 


ce) 


V 


na 
a 


.>) 
_ 
oO 
_ 
Oo 
: 
—_ 
ie) 
oa 
jefe “fi 
— — 
zc = 
> 


Operating Current Ipp1? mos fos 5 


i 
Pept cnn Gy P= P= = 
output Gapactanes, Cour | = |= |= >= 1% 


*Typical values are for Ta = +25°C and nominal voltage. 
NOTE 1: lo, =!QH = 1 UA 
NOTE 2: Operating current measured in a 1802A system at 2MHz with outputs floating. 


~“ oh 
T c= 
7 > > 


— . 
on 

oh, 

© 

ad . 
on 
xe) 

ma 
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JPERATING CONDITIONS, H 1853/1853C 


poenaperant 


Vo vi | 
aie Bes Laie we He Te 


“Dunne Electrical Characteristics at Tq =—40 to +85°C, tr, tf = 20 ns CL = 100 pF Vpp +5%, Vi,y = 0.7 Vop, VIL =0.3 Vonp 


= en ote 


Propogation Delay Time: 


CE to Output, teopy, tego. 


= 
Pree Pepe et pete e = 
opera, ere es eee 
Ie ae SK ae 
Minimum Pulse Widths: pe | ty 5 i i 50 | 75 | — | 50 | 75 — 
ey ee ee Oe eee 


* Typical values are for TA = 25°C and nominal voltage. 


TIMING DIAGRAMS 


PROPOGATION DELAY TIMING: 


Tre 
at t 
PA ae EO EO GEOR 
iets a CE 
ce OUTPUT OUTPUT 


a)CE TO OUTPUT (0-7) DELAY TIME c) CLOCK A TO OUPUT (0-7) DELAY TIME 


a ee a 
*OUTPUT ENABLED WHEN EN = HIGH 
INTERNAL SIGNAL SHOWN FOR REFERENCE ONLY N 


OUTPUT 
b) NLINES TO OUTPUT (0-7) DELAY TIME 


tno tno 


d) CLOCK B TO OUTPUT (0-7) DELAY TIME 


APPLICATIONS EXAMPLES 


The Figure shows two 1853 used to decode 


4K address into 16 groups of 256 address ADDRESS DECODER: 


MA 11 MA10 MAS MA 8 


each. 
MA 8 represents the 8th binary address bit. 
(i.e. 2° = 256) 


M 0 will address 0-255 
M 1 will address 256-511 
M 15 will address 3840-4095 


In the 1802A microprocessor systems, when 


M8M9M10 M11 M12M13 M14M15 


MOMtM2M3M4M5M6M7 


ONE LEVEL I/O SYSTEMS: 


more than three I/O ports are required, the N 
lines can be decoded to specify up to 7 
different input and 7 different output 
channels as shown. 


By executing Input instruction 69 (N lines = 
001) for instance, the port 1 input register is 
enabled to the bus since MRD is high during 


the memory write cycle. The 1853 decode 


line 1 will also be active high during an 


output instruction, 61 (N lines 


= 001) but 
MRD is low during the memory read cycle 


disabling the memory read cycle disabling 
the port 1 input register from the bus. At TPB, 
the valid byte from memory is strobed into 
the port 1 output register. 
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cS 
cL0P’o% “iass 0 
01 2 


LOAD VIA 67 
INSTRUCTION 


1802, CPU 


Ae 
TPA TPB NONINZR®R 


@ BCE 222 


DO VIA 6 F 


REA’ 
i 2] INSTRUCTION 
FS 
INPUT K DATA 
PORT 7 | \--— 
MODE STROBE 


LOAD VIA 61 
INSTRUCTION 


AVAILABLE 


[2] 
———_—_——— 
7 OUTPUT PORTS 


7 INPUT PORTS 


a Ape ae be piled uid : In the 1802 microprocessor systems, ‘when Sel 
_. more than 7 input or 7: output ports are. | 
required, a two. - level” VO- system | can be ore 
designed as shown in the figure. | ee 


; * 18024 CPU. a 
NO.N1.N 2 TPA TPE. MAD BUS]. 


A 61 (N lines = 001) output instructions: is first 
executed to place an 8-bit device selection 
code in the I/O device-select register, 1852. 
Subsequent execution of one of the 6 
remaining output instructions (62-67) selects 
one of 48 output ports, or subsequent 
execution of one of the 7 input instructions (69- 
6F) selects one of the 56 input ports. 


With additional decoding the total number of 
input and output ports can  be_ further 
expanded. | 


SIGNAL DESCRIPTION 


Clock A, Clock B: The selected outputs stay true from the trailing edge of the Clock A (TPA) 
input to the trailing edge of Clock B (TPB) input, ifthe chip is enabled. The transition of both the 
clock inputs at the trailing edge should be the high-to-low. 


CE: The Chip Enable input enables the chip when high. All outputs will be low when CE = 0. 


N 0,N1,N2: These three inputs select one of eight decoded outputs when the chip is enabled. 
N 0 is the least significant input, N 2 is the most significant input. | 


Output 0 - Output 7: One output can be selected at a time. The truth table is shown below. 


TRUTH TABLE 


1 = High Level 
0 = Low Level 
X= Don’t Care 
*Qn-1 = Enable remains in previous state. 


Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed by 
Hughes for its use; nor for any infringements or patents or other rights of third parties which may result from its use. 
No license is granted by implication or otherwise under any patent or patent rights of Hughes. 


' HUGHES SOLID STATE PRODUCTS 
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In Europe: Hughes Solid State Products 
500 Superior Avenue Hughes International Service Co. 
Newport Beach, CA 92663 Schmaedel Str. 22, 8000 Munich, Germany Printed in U.S.A. 6/83 
Telephone: (714) 759-2942 TWX: 910-596-1374 Telephone: 49-89-834. 7088 Telex: 5213856 HSPD Supersedes Previous Data 
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' HUGHES SOLID STATE PRODUCTS H 1854A 


H 1854AC 


a) 
| 
i 
! 
is Ne x Seca, Nn ME tne, 2 ele Ne at On das ease tecey Pye AS Wl 
HUGHES ALR RAE T © FOOMPANY 


1800 CMOS Microprocessor Family 
Receiver/Transmitter Universal Asynchronous 


DESCRIPTION 


Hughes’ 1854A is a CMOS Universal Asynchronous Receiver/ Transmitter (UART). It is designed to 
provide formatting and controls to interface serial and parallel data busses, such as a telephone 
modem to an 1802 microprocessor bus. The 1854A is capable of full duplex operation allowing 
simultaneous conversion from serial to parallel (receiver section) and parallel to serial (transmitter 
section). A local receiver clock (R Clock) and transmitter clock (T Clock) operates at 16 times the 
serial data rate to provide references for receiver sampling and transmitter timing. The mode control 
allows the UART to be used as a functional replacement for industry standard UARTs (such as the 
TR1602) in mode 0 while utilizing a single supply voltage; in mode 1 the UART can be selected asa 
bus oriented device for direct interfacing with the 1802 microprocessor as shown below. 


The 1854A operates over a 4-10.5 voltage range while the 1854C operates over a 4-6.5 voltage 
range. The UART is available in a 40 lead hermetic dual-in-line ceramic package (D suffix), plastic 
package (P suffix), cerdip (Y suffix), or leadless chip carrier (L suffix). Devices in chip form (H suffix) 
are also available upon request. 


FEATURES 


@ Static Silicon Gate CMOS Circuitry @ Baud Rate — DC to 250K at Vpp = 5V 
DC to 500K at Vpp = 10V 


Mode 0 — Functionally Compatible with Selectable Word Length, 5, 6, 7 or 8 Bits 
Industry Standard UARTs such @ Programmable Parity and Stop Bits 


@ Two Operating Modes 


as TR1602A (1, 1%, 2) 

Mode 1 — Directly Interfaces with 1802 @ Parity, Framing and Overrun Error 
Microprocessor without Detection 
Additional Components @ Single Voltage Supply 


© Full or Half Duplex Operation Low Quiescent and Operating Power 


SYSTEM INTERCONNECT PIN CONFIGURATION 


LOCAL CLOCKS 
TCLOCK RCLOCK 


(MODE 1) 


MODE 0 MODE 1 


VoD 40 F— T CLOCK 
MODE(Vss) C4 GTS 


aD 
Q 
Cc 
n 
N 
OanN DOR WNH 


PERIPHERAL PEC: 


21 CLEAR 


SYSTEM 
CLEAR 


NOTE: DOTTED CONNECTIONS ARE OPTIONAL 
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ABSOLUTE MAXIMUM RATINGS : NOTE: Stresses above those listed under 


Operating Temperature Range (TA) permanent damage to the device. This is a 


Ceramic PACKAGE cscs fsan% coe wees 755 tO+125°C stress rating only and functional operation of 
Plastic. PACKAGE’ ackiveckeensAwess used -—40to+85°C the device at these or any other conditions 
DC Supply-Voltage Range (VDD) , : above those indicated in the operational 
(All voltage values referenced to Vss terminal) Sect ons iolnis Spe culcatan ss not implied: 
1854A | —0.5 to + 11 Volts . Exposure to absolute maximum rating condi- 
et pS be ghee eee oe jee ee | : tions for extended periods may affect device 

NODGAGC sasaki le Suga ais atin aut ates a —0.5 to + 7 Volts reliability. 

Storage Temperature Range (Tstg) ........ —65 to + 150°C 


Supply Voltage Range 4 to 6.5 
(At Ta = Full Package Temperature Range) 


Recommended Input Voltage Range 


Clock Input Frequency, foi 
(16 times bit rate) 
Minimum Clock Pulse Width, 


tw WH | 
Minimum Master Reset, 500 500 
Clear Pulse Width 250 _ ns 


STATIC ELECTRICAL CHARACTERISTICS at Ta = — 40 to + 85°C, Unless Otherwise Specified 


Quiescent Device Current 0.01 


me 
= 


—1.3 


13 
es 
gee 
| 49 | 


Output Low Drive (Sink) Current lOL 


3 
> 


1 
1.1 
2.6 
1.1 
—2.6 


Output High Drive (Source) Current IOH 


9.5 

Output Voltage Low-Level VoL?) — 
Output Voltage High-Level VOH Lea | 
Input Low Voltage Vit | 0.5, 4.5 
0.5, 9.5 

Input High Voltage VIH 4. 


Three State Output Leakage IOUT 


3 
> 


[Se] 
nN 
—_— | — as 


+10-4 +4 
#104 
H10% 


y os 
> 


A 
Operating Current Pe ae ae ee ee r 
ieee fe ee : 
Output Capacitance CouTl — — a — 10 fee I, See de 18 15 P 
NOTE 1: Typical values are for Ta = +25°C NOTE 3: Operating current is measured at 200 kHz for Vpp = 5 Volts and 400 kHz for 


NOTE 2: lot =!OH = 1A. Vpp = 10 Volts in an 1802 system, with open outputs. 
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“Absolute Maximum Ratings” may cause @ 


| 
V | 
 DpDC-—4 F 
MHz | 
ns 


‘UNCTIONAL DIAGRAM (Industry Standard Mode 0) H 1854A/1854AC 


MODE (Vgs) TO TERM 2 
MR TO TERM 21 
Vpp TO TERM 1 T CLOCK R CLOCK 


SDO Vsg TO TERM 3 s 
RECEIVER | 29 
RECEIVER TIMING SHIFT SDI 
& CONTROL REGISTER 


RECEIVER 
HOLDING 


40 


i) 

‘ 
1 

PARITY TRANSMITTER |! 
Gen TIMING 
& CONTROL 

| 

' 

iy 

I 

i 

' 

t 


25 | REGISTER REGISTER 
j 
\ 
\ 
i} 
TRANS CONTROL | 34116 STATUS 18 THREE STATE 4 
HOLDING REG REGISTER ; REGISTER DRIVERS 
26 27 28 29 30 31 32 33 35 36 39 38 37 \ 22 241314 1519 5 6 7 8 9 10 1112 
\ 
i} 
| 
r — = \ wuWwWwwuo ¢ rounwt ONrO 
Bt ee 23 * Ra HG | aoaugda NNNN NNND. 
iD = *D-D nD DS Owas I ro” —-~- 923D75935930353353 
on © © O M THAL = =cRULSFDF & DAR 00 ® ® © © © RAD 
FERRE RrRREEE ' eeeooeooeooee 
i} 
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TRANSMITTER SECTION RECEIVER SECTION 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = — 40 to + 85°C, Vpp + 5%, tr, tf = 20 ns, Vip = 0.7 VoD; 
VIL = 0.3 Vpp, CL = 100 pF, See Fig. 1. 


LIMITS 


Yop 1854AC UNITS 
_ WM) | typt | Max2 | typt | Max? 
Standard Timing — MODE 0 


Minimum Pulse Width: tCRL 5 100 150 100 150 ne 
10 50 75 — — 
Minimum Setup Time: tCwC 5 200 300 200 300 ne 
Control Word to CRL 10 100 150 — — 
Minimum Hold Time: tccWw 5 ~ 100 150 100 150 ne 
Control Word after CRL 10 50 75 — — 
Propagation Delay Time: tSFDH 5 200 300 ~ 200 300 Aas 
SFD High to SOD 10 100 150 — — 
5 


RRD High to Receiver Register tRRDH 5 200 300 200 300 aes 
High Impedence 10 . 100 150 — =a 

RRD Low to Receiver Register tRRDL 5 100 150 100 150 ns 
Active 10 50 15 — _ 


NOTE 1: Typical values are for Th = + 25°C and nominal voltages. 
NOTE 2: Maximum limits of minimum characteristics are the values above which all devices function. 
TABLE 1. DYNAMIC ELECTRICAL CHARACTERISTICS 


__ CHARACTERISTICS 


MODE 0 OPERATION (MODE INPUT = Vss) 
A. Initialization and Controls 


The Master Reset (MR) is pulsed to initialize the UART; for example, after power turn on. It resets (zeroes) the 
Control, Status and Receiver Holding Registers and sets the Serial Data Output (SDO) signal to a logic high. After 
release of the Master Reset (return to a logic low), the internal timing is generated from the Transmitter Clock 
(T Clock) and Receiver Clock (R Clock) inputs which are divided internally by sixteen to provide the serial data bit 
rate. When the receiver data input rate and the transmitter data output rate are the same, as in two-way 
communications over the same channel, the T Clock and R Clock inputs may be connected together. 


To set the operational mode of the UART the control inputs: Parity Inhibit (Pl), Even Parity Enable (EPE), Stop Bit 
Select (SBS), and Word Length Selects (WLS1 and WLS2) are strobed into the UART by the Control Register 
Load (CRL) input signal activation (logic high). The control bits may be dynamically changed or may be hard 
wired to the required voltage level (VSs) or Vpp) with CRL hard wired to Vpp. The 1854A is then ready for 
transmitter and/or receiver operation. 
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CONTROL INPUT WORD TIMING 


CONTROL 
WMG NEU sm 


= ae tcwo —————>- tccw-> 
i] 


CRL ae re ek aaa. CE eee eae ay ee ata 


SS ere oy 


STATUS OUTPUT TIMING 


STATUS : — , 
OUTINS asta ee ) 
; | 


RECEIVER REGISTER DISCONNECT TIMING 


R BUS 0 : 
R BUS 7 | 
ei — tRRDH —e 'RRDL |<» 
RRD i oe eee | 


FIGURE 1. STANDARD MODE 0 TIMING DIAGRAM 


B. Word Format 


A diagram of the serial data word format is shown in Fig. 2. The data, 5-8 bits, is transmitted with the least | 
significant bit (LSB) sent first. The parity bit, if enabled, is sent after the most significant data bit. The parity may be | 
either odd or even as chosen by the Control Word. The data is enclosed by a Start bit (logic low) identifying start | 
of character transmission and either 1, 1%, or 2 bit wide Stop bit(s) which identifies the end of character 
transmission and separates successive data words. The width of each data bit is normally 16 input clock widths © 
of 16/f where f is the clock frequency. 


DATA 


LSB ATA 


D 


NEXT DATA WORD 


START BIT = - ’ §-8 DATA BITS “" — STOP BITS 1, 1% or 2 


PARITY BIT 
FIGURE 2. SERIAL DATA WORD FORMAT 


C. Transmitter Operation | 
The transmitter timing diagram showing the start of data transmission are seen in Figure 3. Atthe beginning ofa | 
transmitting sequence the Transmitter Holding Register is empty (status signal THRE is high). A character is | 
transferred from the transmitter bus to the Transmitter Holding Register by applying a low pulse to the | 
Transmitter Holding Register Load (THRL) input. This causes the THRE status to go to a low state. If the | 
Transmitter Shift Register is empty (Status signal TSRE is High) and the input clock is low, the next high-to-low 
transition of the clock loads the contents of the Transmitter Holding Register into the Transmitter Shift Register, | 
preceded by a start (low) bit. Serial data tranmission begins one-half clock period later with a start bit, followed | 
by 5-8 data bits, the parity bit (if programmed) and stop bit(s). The THRE status signal returns high one-half clock | 
period later on the high-to-low transition of the input clock. When THRE goes high it signals that another | 
character can be loaded into the Transmitter Holding Register for subsequent transmission immediately | 
following the last stop bit of the previous character. This process is repeated until all characters are transmitted. | 
When transmission is complete both THRE and the Transmitter Shift Register Empty (TSRE) status signals willbe | 
high. | 
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H 1854A/1854AC 
DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = — 40 to + 85°C, Vpp + 5%, try, tg = 20 ns, Vip = 0.7 Vpp, 
VIL = 0.3 Vpp, CL = 100 pF, See Fig. 3. 7 
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Transmitter Timing — MODE 0 
Minimum Clock Period tcc 5 250 310 250 310 


ns 
10 125 155 — — 
Minimum Pulse Width: tCL 5 100 125 100 125 ns 
Clock Low Level 10 75 100 — — 
Clock High Level tCH 5 100 125 100 125 nS 
10 75 100 — — 
THRL tTHTH 5 150 100 150 ns 
10 75 — — 
Minimum Setup Time: tTHC 5 275 175 275 ve 
THRL to Clock 10 150 — — 
Data to THRL tpoT 5 1S —100 “2715 
10 3530 — — 
Minimum Hold Time: tTD 5 125 75 125 nS 
Data after THRL . 10 60 — — 
Propagation Delay Time: tcp 5 450 300 450 ne 
Clock to Data Start Bit 10 225 — — 
Clock to THRE tCT 5 300 200 300 
10 150 — — 
THRL to THRE tTTHR 5 300 300 ns 
10 150 — 
Clock to TSRE tTTS 5 300 200 300 ns 
10 150 — — 
NOTE 1: Typical values are for Ta = + 25°C and nominal voltages. 
NOTE 2: Maximum limits of minimum characteristics are the values above which all devices function. 
TABLE 2. TRANSMITTER TIMING MODE 0 
* TRANSMITTER HOLDING 
REGISTER LOADED 
tcc ~~ 
anaes ~———— ** TRANSMITTER SHIFT 
tCL——» |< Pa REGISTER LOADED 
T CLOCK 1 2 3 4 5 6 7 14 15 16 1 2 3 
| | : 


J 

oy = s ne ee ae 
| | | 
| 


T BUS 0 -y . : : SS 

T BUS 7 wists a ee 
** THE TRANSMITTER SHIFT REGISTER, IF EMPTY, IS LOADED ON THE FIRST HIGH-TO-LOW TRANSITION OF THE CLOCK WHICH OCCURS AT 
LEAST 1/2 CLOCK PERIOD + ttHc AFTER THE TRAILING EDGE OF THRL, AND TRANSMISSION OF A START BIT OCCURS 1/2 CLOCK PERIOD 


+ tCD LATER FIGURE 3. MODE 0 TRANSMITTER TIMING DIAGRAM 
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D. Receiver Operation 


The receive operation begins when a Start bit (logic low) is detected at the Serial Data In (SDI) input. When a 
high-to-low transition is detected on the SDI line a divide by 16 internal counter is enabled, driven by the R 
Clock input, and a valid Start bit is verified by checking for alow level input 72 receiver clock periods later. This | 
prevents false triggering on noise inputs. When a valid Start bit is verified, the sampling occurs every subsequent | 
16 clock pulses to shift in data bits, parity bit (if programmed) and stop bit(s) into the Receiver Shift Register. If 
programmed, the parity bit is checked and the Parity Error (PE) status updated. The receipt of a valid Stop bitis | 
also verified and Framing Error (FE) status updated. On count 7% of the first Stop bit the received data is 
transferred to the Receiver Holding Register. If the word length is less than 8 bits, zeroes (low voltage level) are 
loaded into the unused most significant bits. If the Data Available (DA) flag has not been reset by the time the 
Receiver Holding Register is updated with new data, the Overrun Error (OE) flag is activated to a high level. One 
half clock after the data transfer the Parity Error (PE) and Framing Error (FE) signals become valid for the 
Character in the Receiver Holding Register. The DA signal is also raised at this time. The three-state output 
drivers for the status and error flags (DA, OE, PE and FE) are enabled when Status Flag Disconnect (SFD) is | 
pulsed or hard wired to a low voltage state. When Receiver Register Disconnect (RRD) goes low, the receiver | 
bus three-state output drivers are enabled and data is available on the Receiver Bus (RBUSO—R BUS 7) output — 
lines. The DA flag is reset by a negative pulse on the Data Available Reset (DAR) input. 


The preceding sequence of operations is repeated for each serial character received. The receiver timing 
diagram is shown in Figure 4. 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = — 40to+ 85°C, Vpp+5%, tr, tf = 20 ns, ViH =0.7 Vpp, 
VIL = 0.3 Vpp, CL = 100 pF. See Fig. 4. 


Receiver Timing — MODE 0 


Minimum Clock Period tcc 


Minimum Pulse Width: tCL 5 100 125 100 125 ne 
Clock Low Level 10 75 100 — — 
Clock High Level tCH 5 100 125 100 125 
10 75 100 — — 

Data Available Reset top 5 50 75 50 75 ne 
10 25 40 — — 
Minimum Setup Time: toc Be 100 150 100 150 
Data Start Bit to Clock 10 50 75 — — 

Propagation Delay Time: 

Data Available Reset to tpoDA 5 150 225 150 225 
Data Available 10 15 125 — — 
Clock to Data Valid tCDV 5 225 325 225 325 
10 110 175 — — 
Clock to Data Available tCDA 5 225 325 225 325 
| 10 110 175 — — 
Clock to Overrun Error tCOE 5 210 300 210 300 
10 100 150 — — 
Clock to Parity Error tCPE 5 240 375 240 375 
10 120 175 — — 


Clock to Framing Error tCFE 5 200 300 200 300 


NOTE 1: Typical values are for Ta = + 25°C and nominal voltages. 
NOTE 2: Maximum limits of minimum characteristics are the values above which all devices function. 


TABLE 3 
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CLOCK 7 1/2 H 1854A/1854AC 


ee lei SAMPLE CLOCK 7 1/2 LOAD HOLDING REGISTER 
'CH 
R CLOCK 3 4 5 6 7 16°71 2 3 4 5 6 7 8 9 
| rie" 
SDI~] START BIT PARITY STOP BIT “ 
Le tGDv 
R BUS 0 - — 


* IF A START BIT OCCURS AT A TIME LESS THAN tpc BEFORE A HIGH-TO-LOW TRANSITION OF THE CLOCK, THE START BIT MAY NOT BE 
RECOGNIZED UNTIL THE NEXT HIGH-TO-LOW TRANSITION OF THE CLOCK. THE START BIT MAY BE COMPLETELY ASYNCHRONOUS WITH 
THE CLOCK. 


** IF A PENDING DA HAS NOT BEEN CLEARED BY A READ OF THE RECEIVER HOLDING REGISTER BY THE TIME A NEW WORD IS LOADED INTO 
THE RECEIVER HOLDING REGISTER, THE OE SIGNAL WILL COME TRUE. 


FIGURE 4. MODE 0 RECEIVER TIMING DIAGRAM 


SIGNAL DESCRIPTION (Standard Mode 0) 


Terminal 


No. 
, 


& WOW ND 


14 


15 


16 


17 


18 


19 


Signal 
VDD 
Mode Select (Mode) 
VSS 


Receiver Register 
Disconnect (RRD) 


Receiver Bus 


(R BUS 0 — R BUS 7) 


Parity Error (PE) 


Framing Error (FE) 


Overrun Error (OE) 


Status Flag 
Disconnect (SFD) 


Receiver Clock 
(R Clock) 


Data Available 
Reset (DAR) 


Data Available (DA) 


Function 
Positive supply 
A low level voltage at this input selects Standard Mode 0 Operation. 
Ground 


A high-level voltage applied to this input disconnects the Receiver Holding Register 
from the Receiver Bus. 


Receiver parallel data outputs. R BUS 7 is the most significant bit. 


A high-level voltage at this output indicates that the received parity does not compare to 
that programmed by the Even Parity Enable (EPE) control. This output is updated each 
time a character is transferred to the Receiver Holding Register. PE lines from a number 
of arrays can be bused together since an output disconnect capability is provided by the 
Status Flag Disconnect (SFD) line. 


A high-level voltage at this output indicates that the received character has no valid stop 
bit, i.e., the bit following the parity bit (if programmed) or MSB of data (if parity is not 
programmed) is nota high-level voltage. This output is updated each time a character is 
transferred to the Receiver Holding Register. FE lines from a number of arrays can be 
bused together since an output disconnect capability is provided by the Status Flag 
Disconnect (SFD) line. 


A high-level voltage at this output indicates that the Data Available (DA) flag was not 
reset before the next character was transferred to the Receiver Holding Register and the 
previous data was presumably lost. OE lines from a number of arrays can be bused 
together since an output disconnect capability is provided by the Status Flag Disconnect 
(SFD) line. 


A high-level voltage applied to this input disables the 3-state output drivers for PE, FE, 
OE, DA, and THRE, allowing these status outputs to be bus connected. 

Clock input with a frequency 16 times the desired receiver bit shift rate. 

A low-level voltage applied to this input resets the DA flip-flop. 

A high-level voltage at this output indicates that an entire character has been received 


and transferred to the Receiver Holding Register. 
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20 


21 


22 


23 


24 


25 


26-33 


34 


35 


36 


37 


38 


39 


40 


Serial Data Input 
(SDI) 


Master Reset (MR) 


Transmitter Holding 
Register Empty (THRE) 


Transmitter Holding 


Register Load (THRL) 


Transmitter Shift 
Register Empty (TSRE) 


Serial Data 
Output (SDO) 


Transmitter Bus 
(T BUS 0 — T BUS 7) 


Control Register 
Load (CRL) 


Parity Inhibit (P!) 


Stop Bit 
Select (SBS) 


Word Length 
Select 2 (WLS2) 


Word Length 
Select 1 (WLS1) 


Even Parity 
Enable (EPE) 


Transmitter Clock 
(T Clock) 


Serial data received at this input enters the receiver shift register at a point determined by 
the character length. A high-level voltage must be present when data is not being 
received (IDLE STATE) | | 3 a | we * an 


A high-level voltage at this input resets the Receiver Holding Register, Control Register, 
and Status Register, and sets the serial data output high. 


A high-level voltage at this output indicates that the Transmitter Holding Register has 
transferred its contents to the Transmitter Shift Register and may be reloaded with a new 
character. | = * . 


A low-level voltage applied to this input enters the character on the data bus into the 
Transmitter Holding Register. Data is latched on the trailing edge of this signal. 


A high-level voltage at this output indicates that the Transmitter Shift Register has 
completed serial transmission of a full character including stop bit(s). It remains at this 
level until the start of transmission of the next character. 


The contents of the Transmitter Shift Register (start bit, data bits, parity bit, and stop bit(s) 
are serially shifted out on this output. When no character is being transmitted, a 
high-level idle state is maintained. Start of transmission is defined as the transition of the 
start bit from a high-level to a low-level output voltage. 


Transmitter parallel data inputs. T BUS 7 is the most significant bit. 


A high-level voltage at this input loads the Control Register with the control bits (PI, EPE, 
SBS, WLS1, WLS2). This line may be strobed or hardwired to a high-level input voltage. 


A high-level voltage at this input inhibits the parity generation and verification circuits 
and will clamp the PE output low. If parity is inhibited the stop bits(s) will immediately 
follow the last data bit on transmission. . 


This input selects the number of stop bits to be transmitted after the parity bit. A 
high-level selects two stop bits, a low-level selects one stop bit. Selection of two stop bits 


~ (logic high) with five data bits programmed (WLS2 = low. WLS1 = low) selects 1.5 stop 


bits. . 
These two inputs select the character length (exclusive of parity) as follows: 


WLS2 WLS1 Word Length 
~ Low Low 5 Bits 
Low High 6 Bits 
High Low 7 Bits 
High High 8 Bits 


A high-level voltage at this input selects even parity to be generated by the transmitter 
and checked by the receiver. A low-level input selects odd parity. 


Clock input with a frequency 16 times the desired transmitter shift rate. 


FUNCTIONAL DIAGRAM (1802 Compatible — Mode 1) 
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H 1854A/1854AC 


MODE 1 OPERATION (MODE INPUT = Vpp) 
A. Initialization and Controls 


In the microprocessor compatible mode the 1854A is configured to receive commands and transmitter data, and 
to send status and receiver data via the microprocessor data bus. The register selected to be connected to the 
transmitter bus or receiver bus is determined by the Read/Write (RD/ WR) and Register Select (RSEL) inputs as 
follows: 


jp RseL | RO/WR | Function 


L Load Transmitter Holding Register 
from Transmitter Bus 
L 


, — RD/WR 
Ow Low 
Ow High Read Receiver Holding Register from 

Receiver Bus 
High Low Load Control Register from Transmitter 
Bus 
High Read Status Register from Receiver 
Bus 


TABLE 4. REGISTER SELECTION 


In mode 1 the 1854A is compatible with an 8 bit bidirectional bus system. The Receiver and Transmitter buses 
can be connected together externally to directly interface with the microprocessor bus. The!/O control signals 
generated by the 1802 can be connected directly to the 1854A as shown on the front page. 


To initiate the UART operation the Clear input is pulsed which resets the Control, Status and Receiver Holding 
Registers and sets the Serial Data Out (SDO) to a logic high. The Control Register is then loaded from the 
Transmitter bus to determine the operating configuration for the UART. Data is transferred over the 
transmitter bus to the Control Register during the TPB lock output from the 1802 when the UART is selected 
(CS 1eCS 2 eCS 3= 1) and the control Register is designated (RSEL) = high, RD/WR = low). The status register of 
the 1854A can be read onto the Receiver bus (R BUS 0 — R BUS 7) to determine the UART status. Some of these 
bits are also available at separate terminals as indicated in the mode 1 block diagram. 


B. Transmitter Operation 


Before transmitting, the Transmit Request (TR) bitin the Control Register must be set. This is done by executing 
the operation to load the Control Register with the TR bit set (bit 7) in the byte transmitted over the bus. When bit 7 
is high it inhibits changing ofthe other control bits. Therefore, two loads are required: one to format the UART, the 
second to set TR. When TR has been set a Transmitter Holding Register Empty (THRE) interrupt will occur, 
signaling the microprocessor (normally through the INTR or EF lines) that the Transmitter Holding Register is 


empty and may be loaded with data. Setting TR also sets a low level on the Request To Send (RTS) output to 
peripherals (such as a modem). 


The Transmitter Holding Register is loaded from the bus by TPB during execution of an Output instruction from 
the microprocessor. The 1854A UART is selected by (CS 1eCS 2eCS 3 = 1). The Transmitter Holding Register is 
selected by RSEL = low and RD/WR = low. When the Clear To Send (CTS) input signal is low the Transmitter 
Shift Register is loaded with the contents of the Transmitter Holding Register and data transmission will begin. If 
CTS is low the Transmitter Shift Register will be loaded on the first high-to-low edge of the clock which occurs at 
least 1/2 clock period after the TPB trailing edge. Transmission ofthe start bit occurs 1/2 clock period later (see 
Fig. 5). Parity (if programmed) and stop bit(s) are transmitted following the last data bit. If the word length selected 
is less than 8 bits, the most significant unused bits in the transmitter shift register will not be transmitted. 
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One transmitter clock period after the Transmitter Shift Register is loaded the THRE signal goes to a low and the 
interruptis asserted (INT goes low). The next character to be transmitted can then be loaded into the Transmitter 
Holding Register and its Start bit will immediately follow the last Stop bit of the previous character. This cycle is 
repeated until the last character is transmitted, at which time a final THREeTSRE interrupt will occur. This 
interrupt signals the microprocessor that the TR control bit can be turned off by reloading the original control 
byte with the TR bit = 0. This also terminates the Request To Send (RTS) signal. 


The Serial Data Out (SDO) line can be held low by setting the Break bit (bit 6) in the Control Register to a high. 
SDO is held low until the Break bit is reset. 


TRANSMITTER SHIFT* * 


TRANSMITTER HOLDING* REGISTER LOADED 
REGISTER LOADED -~| -Ftcc 
TcLockS LIT TLELBLELI SLL, OULU Leis ia 


ttc 1, tee tcH “=| K-tCD 
WRITEt+ ae: a | 
) 


(TPB) TT, Sy 
RE peat he Fi Fe tCTH | 
ee a a es eee 


| —IcD | 
SDO pana ey (See er [UST DATA BIT 


* The Holding Register is Loaded On the Trailing Edge of TPS. 
** The Transmitter Shift Register is Loaded On the First High-to-Low Transition of the Clock Which Occurs at east 1/2 Clock Period + tTc After the 
Trailing Edge of TPS, and Transmission of a Start Bit Occurs 1/2 Clock Period + tcp Later. 
+ Write is the Overlap of TPS, CS 1 and CS 3 = 1 and CS 3, RD/WR = 0. 


FIGURE 5. TRANSMITTER TIMING DIAGRAM — MODE 1 


DYNAMIC ELECTRICAL CHARACTERISTICS at TA =— 40 to + 85°C, Vpp + zie S%, tr, tt = 20 ns, VIH = 0.7 VDD; 
VIL = 0.3 Vpp, CL = 100 pF, See Figs. 5 and 6. 


Transmitter Timing — MODE 1 
Minimum Clock Period 


Minimum Pulse Width: 
Clock Low Level 


Clock High Level 
100 150 100 150 
50 75 


eeacaaton Delay Time: 
Clock to Data Start Bit 


TPB to THRE 


Clock to THRE 


Minimum Pulse Width: 
TPB 


Minimum Setup Time: 
RSEL to Write 


Data to Write 


Minimum Hold Time: 
RSEL after Write 


Data after Write 


NOTE 1: Typical values are for Ta = + 25°C and nominal voltages. 
NOTE 2: Maximum limits of minimum characteristics are the values above which all devices function. 
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oe H 1854A/1854AC 


-—tRSw—>! —=i 'WRS 
Oe 
tDW —! ' t 


T BUS 7 


CK ek ae ///7//1 11/11 1ILLLLs WYN 
ROW, CSS* SEE eee 
* WRITE IS THE OVERLAP OF TPB, CS 1, CS 3= 1 AND CS 2, RD/WR = 0. 
FIGURE 6. MODE 1 CPU INTERFACE (WRITE) TIMING DIAGRAM 
C. Receiver Operation 


The receive operation begins when a start bit is detected at the Serial Data In (SDI) input. After detection of the 
first high-to-low transition on the SDI line, a valid START bit is verified by checking for a low level input 7% 
receiver clock periods later. After verification of a valid Start bit, the following data bits, parity bit (if programmed) 
and Stop bit(s) are shifted into the Receiver Shift Register by being sampled every sixteen clocks (at clock pulse 
72). On count 7% of the first Stop bit the data in the Receiver Register is loaded into the Receiver Holding 
Register. If the word length is less than 8 bits, zeros (low level outputs) are loaded into the unused left-most 
(significant) bits. If Data Available (DA) has not been reset by the time the Receiver Holding Register is loaded, the 
Overrun Error (OE) status bit is set. One half clock period later the Parity Error (PE) and Framing Error (FE) status 


bits become valid for the character in the Receiver Holding Register. Also, at this time, the Data Available (DA) 
and Interrupt (INT) outputs go low, signaling to the microprocessor that a received character is available to be 
read. The microprocessor responds by executing an Input instruction. The UART’s 3-state bus drivers are 
enabled when the UART is selected (CS 1eCS 2 eCS 3 = 1) and RD/WRis high. Data is read when RSEL=low and 
Status is read when RSEL = high. When reading data, TPB latches the data in the microprocessor and resets the 


Data Available (DA) signal in the UART. This sequence is repeated for each serial character which is received 
from the peripheral. 


—e cc CLOCK 7% 
a} ich SAMPLE CLOCK 7% LOAD HOLDING REGISTER 
t 
r clock LES eer eee 2 
14 | 
SDI | pe" START BIT PARITY ! : 
—L___START BIT_ PARITY FT stop air 1 ae 
=tTDA™ tCcDA—>| = 
DA 
| 
1 Dk eS Sr a an Ee, er ee eee ee 


* IF A START BIT OCCURS AT A TIME LESS THAN tpc BEFORE A HIGH-TO-LOW TRANSITION OF THE CLOCK, THE START BIT MAY NOT BE 
RECONGIZED UNTIL THE NEXT HIGH-TO-LOW TRANSITION OF THE CLOCK. THE START BIT MAY BE COMPLETELY ASYNCHRONOUS WITH 
THE CLOCK. 


** READ IS THE OVERLAP OF CS 1, CS 3, RD/WR = 1 and CS 2 =0. 
IF A PENDING DA HAS NOT BEEN CLEARED BY A READ OF THE RECEIVER HOLDING REGISTER BY THE TIME A NEW WORD IS LOADED INTO 
THE RECEIVER HOLDING REGISTER, THE OE SIGNAL WILL COME TRUE. 


+ OE AND PE SHARE TERMINAL 15 AND ARE ALSO AVAILABLE AS TWO SEPARATE BITS IN THE STATUS REGISTER. 


FIGURE 7. MODE 1 RECEIVER TIMING DIAGRAM 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = — 40 to + 85°C, Vpp + 5%, tr, tf = 20 ns, VjH = 0.7 Vpp, | 
VIL = 0.3 Vpp, CL = 100 pF, See Figs. 7 and 8. | ree | 


Receiver Timing — MODE 1 


Minimum Clock Period = — tcc 5 250 310 — 250 310 
10 125 155 — — — 
Minimum Pulse Width: tCL 5 100 125 100 125 
Clock Low Level 10 75 ~ 100 == — 
Clock High Level tCH 5 100 125 100 125 
10 75 100 — _ 
TPB tTT 100 150 100 150 
50 75 — — 

Minimum Setup Time: toc 

Data Start Bit to Clock 

Propagation Delay Time: tTDA 5 220 325 220 325 
TPB to DATA AVAILABLE 10 110 “175 = — 


Clock to DATA AVAILABLE tcpa. 


| 


Clock to Overrun Error tCOE | 


Clock to Parity Error tCPE 


4 — aan 
oOnl!lon|s]o 


—_ —_h 

oOn!1on 
ome, 

on © 

oO ©& 
wi, 

NO 

on © 
—_, 

| 8 
© 
hk 

| 2 
© 


Clock to Framing Error _tCFE 


4 
oO 


CPU Interface — READ Timing — MODE 1 


Minimum Pulse Width: tTT 5 
TPB 10 
Minimum Setup Time: tRST ) 
RSEL to TPB | 10 
Minimum Hold Time: tTRS 5 
RSEL after TPB 10 


Read to Data Access Time tRDDA 5 
10 
Read to Data Valid Time tRoV 5 
| 10 
RSEL to Data Valid Time tRSpy 
10 


Hold Time: -tRDM 5 
Data after Read 10 


NOTE 1: Typical values are for Ta = + 25°C and nominal voltages. 3 | 
NOTE 2: Maximum limits of minimum characteristics are the values above which all devices function. ~ | 


= 


TPB 
|<———'RST——=| tras 
| 

RSEL | 
| 
—s| tRSDV ~_— : 
EUS t —| 'RDDA k=" | 
RD/WR* save GLO) ogra Rl , 
cs 1.083 LZ NR ALLA 
CS? ZZZZZZZZZZLELLLLLA EEE 


* Read is the Overlap of CS 1, CS 3, RD/WR= 1 and CS 2 = 0. 


FIGURE 8. MODE 1 CPU INTERFACE (READ) TIMING DIAGRAM 
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Control Register Bit Assignment H 1854A/1854AC 


Bit 7 6 5 4 3 2 1 0 
Signal BREAK| IE | wis2| wist | sBs | epe | Pi_| 
Bit Signal Function 
0 Parity Inhibit (Pl) When set high parity generation and verification are inhibited and the PE Status bit is 
held low. If parity is inhibited the stop bit(s) will immediately follow the last data bit on 
transmission, and EPE is ignored. 
1 Even Parity When set high, even parity is generated by the transmitter and checked by the receiver. 
Enable (EPE) When low, odd parity is selected. 
2 Stop Bit See table below. 
Select (SBS) 
3 Word Length See table below. 
Select 1 (WLS1) 
4 Word Length See table below. 
Select 2 (WLS2) 
Bit 4 Bit 3 Bit 2 
WLS2 WLS1 SBS Function 
0 0 0 5 data bits, 1 stop bit 
0 0 1 5 data bits, 1.5 stop bits 
0 1 0 6 data bits, 1 stop bit 
6) 1 1 6 data bits, 2 stop bits 
1 0 0 7 data bits, 1 stop bit 
1 0 1 7 data bits, 2 stop bits 
1 1 0 8 data bits, 1 stop bit 
1 1 1 8 data bits, 2 stop bits 
5 Interrupt Enable (IE) When set high THRE, DA, THREeTSRE, CTS, and PSI interrupts are enabled (see 
interrupt Conditions, Table 5 
6 Transmit Break Holds SDO in a spacing (low) condition when set. Once the break bit in the control 
(Break) register has been set high, SDO will stay low until the break bit is reset low or one of 


the following occurs — Clear goes low; CTS goes high; or a word is transmitted. The 
transmitted word will not be valid since there can be no start bit if SDO is already low. 
SDO can be set high without intermediate transitions by transmitting a word 
consisting of zeros. 


7 Transmit Request (TR) When set high, RTS is set low and data transfer through the transmitter is initiated by 
the initial THRE interrupt. (When loading the Control Register from the bus, this bit 
inhibits changing of other control flip-flops.) 


D. Peripheral Interface 


In addition to serial data in and out, four signals are provided for communication with a peripheral. The Request 
To Send (RTS) output signal alerts the peripheral to get ready to receive data. The Clear To Send (CTS) input 
signal is the response, signalling that the peripheral is ready. The External Status (ES) input latches a peripheral 
status level, and the Peripheral Status Interrupt (PSI) input senses a status change edge (high-to-low) and also 
generates an interrupt. For example, the modem Data Carrier Detect line could be connected to the PSI input on 
the UART in order to signal the microprocessor that transmission failed because of loss of the carrier on the 


communications line. The PSI and ES bits are stored in the Status Register (see below). 


Status Register Bit Assignment 


Bit 7 6 5 4 3 2 1 @) 
Signal THRE | TSRE 
Also Available 22* = o = 14 15 15 19* 

at Terminal 


* Polarity reversed at output terminal. 
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Bit | Signal Function 


0 Data Available (DA) When set high, this bit indicates that an entire character has been received and 
| transferred to the Receiver Holding Register. This signal is also available at Term. 19 but 
with its polarity reversed. 


1 Overrun Error (OE) . When set high, this bit indicates that the Data Available bit was not reset before the next 
. character was transferred to the Receiver Holding Register (i-e., ine original dalay was 
lost). This signal OR’ed with PE is output at Term. 15. 


2 Parity Error (PE) When set high, this bit indicates that the received parity bit does not compare to that 
programmed by the Even Parity Enable (EPE) control. This bit is updated each time a 
character is transferred to the Receiver Holding Register. This signal OR’ed with OE is | 

output at Term. 15. | 


| 3 Framing Error (FE) When set high, this bit indicates that the received character has no valid stop bit, i.e., the 
bit following the parity bit (if programmed) is not a high-level voltage. This bit is updated 
each time a character is transferred to the Receiver Holding Register. This signal is also 
available at Term. 14. 


External Status (ES) This bit is set high a low-level input at Term. 38 (ES). 
Peripheral Status This bit is set high by a high-to-low voltage transition at Term. 37 (PSI). The Interrupt 
Interrupt (PSI) output (Term. 13) is also asserted (INT = low) when this bit is set. 

6 Transmitter Shift When set high, this bit indicates that the Transmitter Shift Register has completed serial 
Register Empty (TSRE) transmission of a full character including stop bit(s). It remains set until the start of 

transmission of the next character. 

7 Transmitter Holding When set high, this bit indicates that the Transmitter Holding Register has transferred its 

Register Empty (THRE) contents to the Transmitter Shift Register and may be reloaded with a new character. 


| Setting this bit also resets the THRE output (Term. 22) low and causes an Interrupt | 
(INT = low), if TR is high. 


INTERRUPT CONDITIONS 


CAUSE CONDITION | “TIME 


Read of data TPB leading edge 
fBbecion of data) 
THRE 4 Read of status or TPB leading edge 
(Ability to reload) write of character 
THREeTSRE Read of status or TPB leading edge 
ee done) write of character 
Read of status TPB trailing edge 
Peni edge) | 
a ee Read of status TPB leading edge 
(Positive edge when THREeTSRE) 


* Interrupts will occur only after the IE bit in the Control Register has been set 
ATHRE will cause an interrupt only after the TR bit in the Control Register has been set. 


TABLE 5. INTERRUPT CONDITIONS 


SIGNAL DESCRIPTION (1802 Compatible — Mode 1) 


Terminal | 

No. | Signal Function 

1 Vpp Positive supply 

2 Mode Select (Mode) A high-level voltage at this input selects the 1802 Mode of operation. 

3 Vss Ground 

4 Chip Select 2 (CS 2) A low-level voltage at this input together with CS 1 and CS 3 selects the 1854A UART. 

5-12 Receiver Bus Receiver parallel data outputs (may be externally connected to corresponding trans- 
(R BUS 0 — R BUS 7) mitter bus terminals). 

13 Interrupt (INT) A low-level voltage at this output indicates the presence of one or more of the interrupt 


conditions listed in Table 5. 
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14 


15 


16 


17 


18 
19 


20 


21 


22 


23 


24 


25 


26-33 


34 


35 


36 
37 


38 
39 


40 


Framing Error (FE) 


Parity Error or 
Overrun Error (PE/OE) 


Register Select (RSEL) 
Receiver Clock 
(R Clock) 


TPB 
Data Available (DA) 


Serial Data In 
(SDI) 


Clear (Clear) 


Transmitter Holding 


Register Empty (THRE) 


Chip Select 1 
(CS 1) 


Request To Send 


(RTS) 


Serial Data 
Outupt (SDO) 


Transmitter Bus 
(T BUS 0 — T BUS 7) 


Read/Write (RD/WR) 


Chip Select 3 
(CS 3) 


No Connection 


Peripheral Status 


Interrupt (PSI) 
External Status (ES) 


Clear To Send 


(CTS) 


Transmitter Clock 
(T Clock) 


H 1854A/1854AC 


A high-level voltage at this output indicates that the received character has no valid stop 
bit, i.e., the bit following the parity bit (if programmed) is not a high-level voltage. This 
output is updated each time a character is transferred to the Receiver Holding Register. 


A high-level voltage at this output indicates that either the PE or OE bit in the Status 
Register has been set (see Status Register Bit Assignment). 


This input is used to choose either the Control/Status Registers (high input) or the 
transmitter/receiver data registers (low intput) according to the truth table 1. 


Clock input with a frequency 16 times the desired receiver shift rate. 


A positive input pulse used as a data load or reset strobe. 


A low-level voltage at this output indicates that an entire character has been received 
and transferred to the Receiver Holding Register. 


Serial data received on this input line enters the Receiver Shift Register at a point 
determined by the character length. A high-level input voltage must be present when 
data is not being received. 


A low-level voltage at this input resets the interrupt flip-flop, Receiver Holding Register, 
Control Register, and Status Register, and sets Serial Data Out (SDO) high. 


A low-level voltage at this output indicates that the Transmitter Holding Register has 
transferred its contents to the Transmitter Shift Register and may be reloaded with a new 
character. 


A high-level voltage at this input together with CS 2 and CS 3 selects the UART. 


This output signal tells the peripheral to get ready to receive data. Clear To Send (CTS) is 
the response from the peripheral. RTS is set to a low-level voltage when data is latched 
in the Transmitter Holding Register or TR is set high, and is reset high when both the 
Transmitter Holding Register and Transmitter Shift Register are empty and TR is low. 


The contents of the Transmitter Shift Register (start bit, data bits, parity bit, and stop bit(s)) 
are serially shifted out on this output. When no character is being transmitted, a high 
level is maintained. Start of transmission is defined as the transition of the start bit froma 
high-level to a low-level output voltage. 


Transmitter parallel data inputs. These may be externally connected to corresponding 
Receiver bus terminals. 

A low-level voltage at this input gates data from the transmitter bus to the Transmitter 
Holding Register or the Control Register as chosen by register select. A high-level 
voltage gates data from the Receiver Holding Register or the Status Register, as chosen 
by register select, to the receiver bus. 


A high-level voltage at this input with CS 1 and CS 2 selects the UART. 


A high-to-low transition on this input line sets a bitin the Status Register and causes an 


Interrupt (INT = low). 


A low-level voltage at this input sets a bit in the Status Register. 


When this input from peripheral is high, transfer of a character to the Transmitter Shift 
Register and shifting of serial data out is inhibited. 


Clock input with a frequency 16 times the desired transmitter shift rate. 
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HUGHES SOLID STATE PRODUCTS  ~ HH 1855 


iene ee es: H 1855C 
iets GS AIRCRAFT COMPANY 
4 


1800 CMOS Microprocessor Family 
Multiply / Divide Unit 


DESCRIPTION 


Hughes’ 1855 is an 8 bit mode programmable multiply/divide unit which can be used to greatly 
increase the capabilities of 8 bit microprocessors. The 1855 interfaces directly to the 1802 
microprocessor via the N-lines and can easily be configured to fit in either the memory or I/O 
space of generalized 8 bit microprocessors. The 1855 performs multiply and divide operations 
on unsigned, binary operators. It saves considerable memory space and execution time over the 
same functions as performed by coded multiply and divide software subroutines. 


Add and shift right operations and subtract and shift left operations are used for multiply and 
divide functions respectively. The 1855 is cascadable up to 4 units for 32 x 32 bit multiply or 
64 + 32 bit divide functions. 


The 1855 operates over a 4-10.5 voltage range while the 1855C operates over a 4-6.5 voltage 
range. The 1855 is available in a 28 lead hermetic dual-in-line ceramic package (D suffix), 
plastic package (P suffix), cerdip (Y suffix) or leadless chip carrier (L suffix). Devices in chip form 
are available upon request. 


FEATURES 

@ Static silicon gate CMOS circuitry @ Cascadable up to 4 units for 32 bit by 32 

® Interfaces directly to 1802A bit multiply or 64 + 32 bit divide 
microprocessor without additional @ 8 bit by 8 bit multiply of 16 + 8 bit divide 
components. in 5 ps at 5V or 2.5 us at 10V typical 

@ Easy interface to general 8 bit ® Significantly increased throughput of yup 
microprocessors. used for arithmetic calculations. 

@ Low power dissipation 
Single non-critical voltage supply 

SYSTEM INTERCONNECT PIN CONFIGURATION 


Typical 1800 System with 1855 


niin wis | 
8 BIT BIDIRECTIONAL DATA BUS 
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ABSOLUTE MAXIMUM RATINGS | : | | | NOTE: Stresses above those listed under 


| “Absolute Maximum Ratings” may cause 
| sas RRC dal (VCC, po) T , a | : permanent damage to He seace. This is a 
(All Voltage Values referenced to VSs Terminal) stress rating only and functional operation of 
Vcc <VDD: | | the device at these or any other conditions 
WOOO! case sate S wireseey es eats ee ee —0.5 to + 13 Volts above those indicated in the operational 
NOD OG” 4.3.ies a ew hia sa thew oe SS —0.5 to + 7 Volts sections of this specification is not implied. 
Input Voltage Range, all inputs ........ —0.5 to Vpp + 0.5 Volts Exposure to absolute maximum rating condi- 
DC Input Current, any one input ...... + 10mA eee SRISNE EG periods May-aliechacNcs 
Operating- Temperature Range (TA) reer 
Plastic Package .............000ee- —40 to + 85°C 
Ceramic Package ...............4- —55 to + 125°C 


Storage Temperature Range (Tstg) .... —65 to + 150°C 


OPERATING CONDITIONS at Ta = Full Package Range 


DC Operating Voltage Range 


Input Voltage Range 


200 


0,5 0.02 
0, 10 


0,5 


5 
10 


Quiescent Device 


Cc 
> 


Current, Ipp 
Output Low (Sink) 0.4 


oi 


— —_ 
ooh, 
on oO 
rp} on] w 
CO; NM EN 
axel, 
—_ 

—_ ¥ 
mw}, fe], | 
[e°) ine) 

3 

> 


Current, lo. 0.5 0,10 10 
Output High (Source) 4.6 0,5 5 
Current, |IOH 95 | 0,10 | 10 2.6 


0,5 
0,10 
0,5 
0, 10 


Output Voltage 


Low-Level, Vo,2 
Output Voltage 
High-level, VoHZ 


Input Low 0,4.5 


— 

o | 
oO }oO 
ak} x 


olo 
on | on 
co 
on 


Voltage, VIL 


J 


Input High 


Voltage, Vip 


+ —_— 
— nn 


|+ 

oh, ol, 

or | oO 

+ 

(o) | are 
on 

rc 
> 


0,5 +104 
0, 10 


0,5 


Input Current, 


lIN 
3-State Output Leakage 


+ |[+ 
ah coh, 
ole 
B/ A 
It i+ li 
— —k 


0,5 
0, 10 


o[S 
ian 
o}|s 
am); oOo 


Current, louT 
Operating Current, 


3 
> 


inp? fess Oe a Se a ee 
Notes: 1. Typical values are to Ta = + 25°C and nominal voltage. 
2. lOL =1 pA. 


3. Operating current measured in a 1802A at 2 MHz with outputs floating. 
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H 1855/1855C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = —40 to + 85°C, Vpp + 5% tr, tf = 20ns, Vip = 0.7 Vpp, 


ViL = 90.3 Vpp, CL = 100 pF (See Timing Diagram) 


Maximum Shift Frequency 
‘(1 Device)4 


pare 
So 
oO 
= 
on 
o 


tCLKO 


Minimum Clock Width 
tCLK1 


on 
= — 
(2) nm $,] 
fo) oO 


an 
foo) 
NN 

; 
| 


N 
na 
oO 
Ww 
[e) 
Ww 
ine) 
on 
Oo 


Minimum Clock Period toLK 


200 


Clock to Shift Prop. Delay tCSH 


mn mn 


on 
oO 


Minimum C.l. to Shift Setup tsy 


ns 


ns 


LIMITS 
7 aa tS 
CHARACTERISTICS SYMBOL Vop 1855C UNITS 
| Ca 
WRITE CYCLE 
- | a SE pe A 
Minimum Clear Pulse Width t | os | 
}_Mnmumchareueewean | gp 
1 laces) 2 
einindee cious wiein i Re eee (ee ee (| 
[Se (Ee ieee ea ee | |e Ce eee 
Minimum Data-In Setup t [es a 
J Mismumoawinseue | toy | pos a: SO ci ee I ee We ae 
Minimum Data-In Hold t Pee =| 
[_Mnieumeawindold = (a ae ee ee ee (ee ee (eee 
ini | Og): ee orig a ee) Se ae wee, We eo el 
Minimum Address to Write Setup tasu ioe ed ou tie 5 
(oa ce es ed ee SR eee (IE gr 
si aitautn’ Acide shee wile ciale a eB cl SO ap so a Se 
[iO See ee ee a es i I 
READ CYCLE 
Eisinde Ouraenve fea ae ee ee 300 z 200 300 
LF aa aa RR ee (a | a ern ee | eer 
CE to Data Access toa ewe 
Address to Data Access t st 
| nttessioamacces - [ee a Fa meee Re a (I eg ae ere (eR 
Bute mur taanaree ae 225 
Ce a RC A 
ee ee eee ee, 
en ee ae 22 50 50 225 3 
a ae 
Te ere ee ee ee ee ee 300 
AOS), ween OO) gy ee a =e a 
Read to Data Access t a al 
J Fessiooapcoss jae p00 Sf too to 
200 
SesuaiomaGaccess ie 200 300 300 
150 
iinienuen Siebs Widith Rie eee ah ae 1 7 ee 225 
OPERATION TIMING 
Maximum Clock Frequency? 


Be 
on 
[o) 


450 
C.O. from Shift Prog. Delay 'PLH 
tPHL = 
50 
Minimum C.l. from Shift Hold t | 80 
a a ee =e 
Minimum Register Input Setup tsy 2 Me 
10 Meo 
See neni nba tPLH | 400 | | 400 
Minimum Register after Shift Hold ty | 80 2 
i as 
eR me vemeceee tPLH | too | tc Pt 
ce) p. Delay 
Soak aten pees tPLH a eee ee ee 
"PHL ae eee ee aes ee ee) 
Notes: 


1. Maximum limits of minimum characteristics are the values above which all devices function. 
2. Typical values are for Ta = + 25°C and nominal voltages. 


3. Clock frequency and pulse width are given for systems using the internal clock option of the 1855. Clock frequency equals shift frequency for systems not using the internal clock option. 


4. Shift period for cascading of devices is increased by an amount equal to the C.O. to C.I. Prop. Delay for each device added. 
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FUNCTIONAL DIAGRAM 
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TIMING DIAGRAMS H 1855/1855C 


Write Timing And Operation Timing 


CE i: 
RD/WE \\ a //; 
Lt 


STB Mit 


DIN LNCS IIL 


rao-2_ XK | |) 


tas 
tAH 


tCLOCK 


CLK | | 
1 2 9 


tCLK = IGLK0 
SHIFT (PRESCALER OFF) 1 2 g 
tCSH 


tPLH. tPHL 


GO, YL, YR ZL, ZR OUT Xt XX 
Cin. YL YR ZL, ZR IN Ga? Ga Gi 


Read Timing 
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| 

_— | 
RD/WE | 
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\ 

ADVANCE \ / | 

; SEQUENCE | 

COUNTER | 

t | 

ste ! ai | 
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CONTROL TRUTH TABLE 


Se ee ee a ee ae ae 
i eh at ako vata al I SS 
<x - + 00+; 00 XK XxX 
x4+-O0O-A0-A0-0x-~x 


ooooo +++ K x 


*( ) = 1800 system signals. 1 = High Level, 0 = Low Level, X = High Level or Low Level 


ont ase Se KKK KK XK 


NO ACTION (BUS FLOATS) 
NO ACTION (BUS FLOATS) 
X TO BUS 


Z TO BUS 
Y TO BUS 


INCREMENT SEQUENCE 
COUNTER WHEN 
STB AND RD = 1 


STATUS TO BUS 

LOAD X FROM BUS } INCREMENT 
LOAD Z FROM BUS >? SEQUENCE 
LOAD Y FROM BUS }) COUNTER 
LOAD CONTROL REGISTER 


NO ACTION (BUS FLOATS) 


REGISTER BIT ASSIGNMENT CONTROL/REGISTER BIT ASSIGNMENT 


0 = Clock 1 = Reset 00 = Four 1855’s 1 = Reset Y 


frequency sequence register 
counters 01 = Three 1855’s 


1 = Select 
option* 10 = Two 1855’s 


11 = One 1855 


* Select shift rate option: 
One 1855 = shift rate = clock frequency + 2 
Two 1855’s = shift rate = clock frequency + 4 
Three or four 1855’s = shift rate = clock frequency = 8 


STATUS REGISTER BIT ASSIGNMENT 


een a ee ee 
a a ee 


O.F. = 1 if overflow (only valid after a divide has been done). 
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1 = Reset Z 
register 


00 = No Operation 
(except reset controls) 


01 = Multiply 


10 = Divide 


11 = Invalid State 


H 1855/1855C 


FUNCTIONAL DESCRIPTION 


The 1855 performs an 8N-bit by 8N-bit multiply with a 16N-bit results and 16N bit by 8N-bit divide yielding an 
8N-bit result plus an 8 bit remainder. The N represents the number of cascaded 1855s from 1 through 4. All 
operations require 8N + 1 shift pulses. 


The 1855 contains X, Y and Z registers for loading the operands and saving the results, the control register for 
initializing the multiply or divide operation, and a status register for storing an overflow flag. There are two 
register address lines (RA 0-RA 1) provided to select the appropriate register for loading or reading. The RD/WE 
and STBlines are used in conjunction with the RA lines to determine the exact MDU response (see Control Truth 
Table). 


When multiple MDUs are cascaded, the loading of each register is done sequentially. The first selection of any 
register loads the most significant 1.855, the second loads the next significant and so on. Registers are also read 
out sequentially. This is accomplished by internal counters on each 1855 which are decremented by STB during 
each register selection. When the counter matches the chip number (CN 1, CN 0 lines), the device is selected. 
These counters must be cleared with a clear pulse on pin 2 or with bit 6 in the control word (See Control Register 
Bit Assignment Table) in order to start each sequence of accesses with the most significant device. 


The 1855 has a built-in clock prescaler which can be selected via bit 7 on the control register. The prescaler may 
be necessary in cascaded systems operating at high frequencies or in systems where a suitable exact frequency 
is not available. This need is to provide for propagation delay of the carry output signal. Without the prescaler 
select, the shift frequency is equal to the clock input frequency. With the prescaler selected, the rate depends on 
the number of MDUs as defined by bits 4 and 5 of the control word. For one MDU, the clock frequency is divided 
by two; the two MDUs the clock frequency is divided by four and for three or four MDUs the clock frequency is 
divided by eight. 


OPERATION 
A. Initialization and Controls: 


The 1855 must be cleared by a low signal input on pin 2 during power on. This prevents bus contention 
problems at YL, YR and ZL, and ZR terminals. It also resets the sequence counters and shift pulse generator. 


Prior to loading any other registers, the control register must be loaded to specify the number of 1855s being 

_ cascaded. Once the number of devices has been specified and sequence counters cleared with a clear pulse 
or bit 6 of the control word, the X, Y and Z registers can be loaded as defined in the control truth table. 
Registers can be loaded in any sequence. Successive loads to a given register will always proceed 
sequentially from the most significant byte to the least significant byte as described previously. Resetting the 
sequence counters selects the most significant MDU. In a four MDU system, loading all MDUs results in the 
sequence counter pointing to the first MDU again while in all other configurations it must be reset prior to 
each series or register reads or writes. 
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OPERATION, cont. 


B. Multiply Operation: 


(X) x (Z) + (Y) >(Y) (2); (X) unchanged 

The two numbers to be multiplied are loaded in the X and Z registers. The result will be in the Y and Z register 
with Y being the more significant half and Z the less significant half. The X register will be unchanged after the 
operation is completed. 


The original contents of Y register are added to the product of X and Z. Bit 3 of the control word will reset 
register Y to zero if desired. 


C. Divide Operation: 


(Y) (4) = (2) = quotient, (Y) = remainder; C.0./OF. in status byte. 

(X) 
The divisor is loaded into the X register. The dividend is loaded in the Y and Z registers with the more 
significant halfin the Y register and less significant half in the Z register. The X register will be unaltered by the 
operation. The quotient will be in the Z register while the remainder will be in the Y register. An overflow will be 
indicated by the C.0./O.F. of the most significant MDU and can also be determined by reading the status 
| byte. 


The overflow indicator will be set at the start of the divide operation if the resultant will exceed the size of the Z | 
register (8N-bits). | 


The Z register can be reset using bit 2 of the control word and another divide can be performed in order to 
further divide the remainder. 


Programming Examples: 


Connection to an 1802A Microprocessor in direct |/O mode (N lines connected to R inputs). 


FoE116 X 2D3C1¢6 Multiply Divide B4A5968546 
4F3016 
LDI #19 LDI #90 
PLO R2 Ro =1%09 PLO R2 Ro =2000 
LDI #19 LDI #2 
PHI R2 PHI R2 
OUT 7, #60 Load control word with 2 MDUs and. OUT 7, #60 load control word 
reset/sequence counters. OUT 6, #B4 
OUT 4, #Fo Load MSB of X reg. OUT 6, #A5 STARS ISIeL aap 
OUT 4, #E1 Load LSB of X reg. (X) = FeE1 OUT 5, #96 - , 7 
OUT 5, #2D Load MSB of Z reg. OUT 5, #85 mintegieler An weer 
OUT 5, #3C Load LSB of Z reg. (Z) = 2D3C OUT 4, #4F ~ ¥ reqister (X) = 4F3 
OUT 7, #69 Load control word with 2 MDUs, reset y | OUT 4, #30 register (A) ? 
reg and seq counters and do multiply OUT 7, #6A Load control word for divide function 
operation SEX R2 
SEX R2 INP 5; IRX Quotient for z register to mem. 
INP 6; IRX MSB of results from Y reg. to INP 5; IRX 290%, 2093 
INP 6; IRX Location 1? %9% and 1901 INP 6: IRX Remainder from y register to mem. 
INP 5; IRX LSB of result from Z reg. to INP 6: IRX 2902, 2903 
INP 5; IRX Location 192 and 1993 
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APPLICATION H 1855/1855C 


(A) Cascading 3 MDUs in 1802A system with MDU being accessed as an I/O port. 


pp hhh hh AMM Nh ALA fe LLL LL DATABUS ZA ee ILILELLLA ALA LEE ENS 


MRD | TO 


4 TPB 1802A 
4 CLEAR 
Z N2 CPU 
y NE 

NO 
J 

VoD 


Vpp or 1/O SELECT 


MOST SIGNIFICANT LEAST SIGNIFICANT 


(B) Interfacing the 1855 to 8085 microprocessor as an |/O device. 


DATA BUS 
ee, ree 
5 P| CLEAR BAA 
on BUS 
ie RD/WE 
STB 
A8 8085 SIGNAL 
AQ 
l1O/M 
WR 
aa. 
4/4. CD4011 P RD 
CLK(OUT) 
RESET OUT 
tS 
1/4 CD4011 
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SIGNAL DESCRIPTION 


CE — CHIP ENABLE (Input): 
A high on this pin enables the 1855 MDU to ) respond to the selectlines. All cascaded MDUs must be enabled 
together. CE also controls the three state C.0./0.F. output of the most significant MDU. 


Clear (Input): | 
The 1855 MDU(s) must be cleared upon power on with a low on this pin. The clear signal resets the | 
sequence counters, the shift pulse generator, and bits 0 and 1 of the control register. 


CTL-Control (Input): | 
This is an input pin. All CTL pins must be wired together and to the YL of the most significant 1855 MDU and 
the ZR of the least significant 1855 MDU. This signal is used to indicate whether the registers are to be | 
operated on or only shifted. 


C.0./0.F. — Carry Out/Over Flow (Output): 
The three state 1855 Carry Out signal is connected to Cl (Carry-In) of the next more significant 1855 MDU, 
except on the most significant MDU. On that MDU it is an overflow indicator and is enabled when a chip © 
enable is true. Alow on this pin indicates that an overflow has occurred. The overflow signal is latched each 
time the control register is loaded, but is only meaningful after a divide command. 


YL, YR — Y-Left, Y-Right: 
These are three state bi-directional pins for data transfer between the Y registers of cascaded 1855 MDUs. 
The YR pininan output and Y_ is an input during a multiply and the reverse is true at all other times. The YL 
pin must be connected to the YR pin of the next more significant MDU. An exception is the YL pin ofthe most — 
significant MDU must be connected to the ZR pin of the least significant MDU and the CTL pins ofall MDU’s. | 
Also the YR pin of the least significant MDU is tied to the ZL pin of the most significant MDU. 


ZL, ZR — Z-Left, Z-Right: 
These are three state bi-directional pins for data transfers between the Z registers of cascaded MDUs. The 
ZR pin is an output and ZL is an input during a multiply and the reverse is true at all other times. the Zi pin 
must be tied to the YR pin of the next most significant MDU. An exception is the ZL pin of the most significant _ 
MDU must be connected to the YR pin of the lest significant MDU. Also, the ZR pin of the least significant 
MDU is tied to the YL of the most significant MDU. 


Shift — Shift Clock: 
This is a three state bi-directional pin. It is an output on the most significant MDU and an input on all other — 
MDUs. It provides the MDU system’s timing pulses. All Shift pins must be connected together for cascaded 
operation. Amaximum ofthe 8N + 1 shifts are required for an operation where N equals the number of MDU 
devices cascaded. 


Clk — Clock (Input): 
This pin should be grounded on all but the most significant MDU. There is an optional reduction of clock 
frequency available on this pin, if so desired, controlled by bit 7 of the control byte. 


Stb — Strobe (Input): 
When RD/WE, low data, is latched from bus lines on the falling edge of this signal, it may be asynchronous 
to the clock. Strobe also increments the selected register’s sequence counter during reads and writes. TPB 
would be used in 1802A systems. 


RD/WE — Read/Write Enable (Input): 
This signal defines whether the selected register is to be read from or written to. In the 1802A systems use 
MRD if MDUs are addressed as I/O devices; MWR is used if MDUs are addressed as memory devices. 
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SIGNAL DESCRIPTION, cont. H 1855/1855C 


RA®, RA1, RA 2 — Register Address (Input): 
These input signals define which register is to be read from or written to. It can be seen in the Control Truth 
Table that RA 2 can be used as achip enable. It is identical to the CE pin, except only CE controls the tristate 
C.0./0.F. onthe most significant MDU. In the 1802A systems use N lines if MDUs are used as I/O devices; 
use address lines or function of address lines if MDUs are used as memory devices. 


VSS — Ground: 
Power supply line. 


BUS 0 — BUS 7 — Bus Lines: 
Three state bidirectional bus for direct interface with 1802A series and other 8-bit microprocessors. 


ZR — Z-Right: 
See signal ZL 


YR — Y-Right: 
See signal YL 


Cl-Carry-In (Input): 
This is an input for the carry from the next less significant MDU. On the least significant MDU, it must be high 
(Vpp) on all others and connected to the CO pin of the next less significant MDU. 


CN:@, CN 1 — Chip Number (Input): 
These two input pins are wired high or low to indicate the MDU position in the cascaded chain. Both 
are high for the most significant MDU regardless of how many 1855 MDUs are used. Then CN 1=high and 
CN 0 = low for the next MDU and so forth. 


Vpb — Vt: 
Power supply line. 
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' HUGHES -§ SOLID STATE PRODUCTS 


H 1856/1857 
H 1856C/1857C 


reaodeu, bd bh oT Nt bec be AE T © COM PANS 


1800 CMOS Microprocessor Family 
4-Bit Bus Buffers/Separators 


DESCRIPTION 


Hughes’ 1856 and 1857 are 4-bit bus buffer/separators to allow data to be split from a single 
bi-directional bus into separate input and output busses. The 1857 is intended for peripheral or!/O 
bus control while the 1856 is intended for memory bus control. The difference between the two 
devices is in the polarity of the input buffer for the Memory Read (MRD) signal. This signal is inverted 
in the 1857, and enables the MRD signal to set the input mode in the 1856 or to set the output mode in 
the 1857. When MRD =Vpp the output mode is set in the 1856 and the input mode is set in the 1857. 


The 1856 and 1857 operate over a 4- 10.5 voltage range while the 1856C and 1857C operate overa 
4-6.5 voltage range. The 1856 and 1857 are available in a 16 lead hermetic dual-in-line ceramic 
package (D suffix), plastic package (P suffix), cerdip (Y suffix) or leadless chip carrier (L suffix). 
Devices in chip form (H suffix) are available upon request. 


FEATURES 
@ Static Silicon Gate CMOS Circuitry e@ Provides Non-inverted Bi-directional 
@ Compatible with 1802A Microprocessor Buffered Data Transfer 
@ Provides easy connection of Memory or @ Chip Select for Simple System Expansion 
|/O Devices to 1802A Microprocessor Bus @ Low Quiescent and Operating Power 
FUNCTIONAL DIAGRAM PIN CONFIGURATION 


Y 
V 


ee 
DO 1 : -—<"} <1] 1S pp 
DI 2 ‘TS Sr 
DO 3 2 Lae, 0 BL Dee 
“eo 
 aaaeeee 
ae ne 
FOR 1856 — 16-Vpp 
cee = 
| | 
esas 
FOR 1857 
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ABSOLUTE MAXIMUM RATINGS NOTE: Stresses above those listed under 
Operating Temperature Range (Tp) _ 


“Absolute Maximum Ratings” may cause 


Ceramic Package ................ S504 125°C.  ‘Peruatient damage tothe device: Wiis tera 
Plastic Package ; = ~40 to + 85°C _ Stress rating only and functional operation of 
eee OR LOe tie cee ee gn : the device at these or any other conditions 
DC Supply-Voltage Range (Vpp) 7 ake ee 
| ; above those indicated in the operational 
(All voltage values referenced to Vss terminal) é 


1856/1857... eee eee cece eee e eens OSI Vols Ce ee ee 


: _ Exposure to absolute maximum rating condi- 
185600718576 << .hievean ic ee eee ee —0.5 to + 7 Volts tions for extended periods may affect device 


Storage Temperature Range (Tstg) .......... —65 to + 150°C reliability. 


Recommended Input Voltage Range 


ELECTRICAL CHARACTERISTICS at Ta = — 40 to + 85°C Unless Otherwise Specified. 


Static Electrical Characteristics at Ta 40°C to +85°C Unless Otherwise Specified 


b aiiecenitiOavece ae ee 
. p16 | 


n 
>) 
= 
> 


Output Low Drive 1.6 
Output High Drive —1.15 
(Source) Current low 9.5 2016 


oe. 2. ere 
eee oes =a 
High Level, Von Le il 

Input Low Voltage 


VIL 


| 
= 
= 
a 
ine) 
[ov] 


| a 
4 fo 
) 
> 


Input High Voltage 
VIH 


Input Leakage 


Current, liny 


—_ 

on 
a) : 
on a 


2S 

on 

: 

A 

wo 

or 

uo 

—_ 
+ |it o}°o = 

- 

Ce) 
—s on pon 
ey 


. 


Operating Current 


Ipp12 300 


Output Capacitance,CoyT 


Propogation Delay Time: 
MRD or CS to DO, tep 
MRD or CS to DB, 


nn 
ie 
fe 
(o) 
[o) 
= 
> 


By 
a 


— 
on 


_ 
n 
[o>] 


=" 
ee 
—_ 

NN 
on 
“8 
— | ~ 
NM | NM 
n,n 
— 
on 
oO 


tEB 


DI to DB, 
iB 


ae ca 
. tpoB = LO SI ee | 


*Typical values are for Ta = +25°C and nominal voltage. NOTE 1: lot = !0H = 1 BA. . 
NOTE 2: Operating current measured in a 1802A at 2MHz with outputs floating. 


—_ 
o 
Oo 
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TIMING DIAGRAMS H 1856/1857 


TRANSFER TO BUS TRANSFER FROM BUS 


Di 


HIGH > | ‘EB 
IMPEDANCE 


|~+tEB HIGH 


IMPEDANCE 


DB DO IMPEDANCE 


a) Enable to DB Time a) Enable to DO Time 


aa rn a i) Sean 
eee Ne oe, Ce 
MRD* 


DB ES CO D0 


b) DI to DB Time b) DB to DO Time 


NOTE: ALL TIMES MEASURED FROM 50% POINT TO 50% POINT OF SIGNAL 
* POLARITIES ARE REVERSED FOR 1857 


Y/) \NVALID OR DON’T CARE CONDITION 
Z 


APPLICATION 
7 6 5 4 8 BIT BI-DIRECTIONAL BUS 3 A 1 0 
DB 3 DB2 DB1 DBO ee 
DI 7 DI3 DO 3 DI 3 DO 3 
DO 2 
DI 6 DI 2 
1856/1857. 0° DI2 1856/1957. 0° ae 
DI 4 DO 0 DIO po 0 |LO_9 
DIO-DI7 — INPUTS 
ENABLE BUS-TO-BUS | DO 0-DO 7— OUTPUTS 
DATA TRANSFER DB 0-DB 7 — BI-DIRECTIONAL 


BUS SIGNALS 
DIRECTION CONTROL 


The Figure shows how two 1856 or two 1857 can be used as bus buffers or separators between an 8 Bit 
Bi-directional Data bus and memories or between an 8 Bit Bi-directional Data bus and I/O devices. The chip 
select input signal enables the bus separator three-state output drivers. The direction of data flow, when 
enabled, is controlled by the state of the MRD input signal. 
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SYSTEM INTERCONNECT 


iene or 
NO, N1 or N2 MWR 


D 
“Vop 


MWR 
MEMORY | 
SYSTEM 


8 BIT BI-DIRECTIONAL DATA BUS 


VDD 

SIGNAL DESCRIPTIONS | | 

DB 0-DB 3: These four bi-directional signals can be used as data outputs or receiver inputs 
depending on the logic polarity of the MRD input signal. Data is non-inverted. 


DI 0-DI 3: The four data inputs. They are enabled onto the corresponding DB lines when Chip Select 
(CS) and the Memory Read (MRD ) signals are activated. 


DO 0-DO 3: The four receiver outputs reflect the data on the DB lines when the Chip Select and 
Memory Read signals are activated. | 

CS: The Chip Select signal along with MRD controls the activation of the 1856 and 1857 as indicated 
in the table below. CS is active when it is a logic high (Vpp). 

MRD: The Memory Read signal controls the direction of data flow when Chip Select is enabled. In 
the 1856, when MRD = 0, it enables the three state bus drivers (DB 0-DB 3), and outputs data from the 
driver inputs (DI O-DI 3) to the data bus. When MRD = 1, it disables the three-state bus drivers and 
enables the three-state data output drivers (DO 0-DO 3), transferring data from the data bus to the 
data outputs. 

Inthe 1857, when MRD = 1 it enables the three-state bus drivers (DB 0-DB 3) and transfers data from 
the driver inputs (DI O-DI 3) onto the data bus.When MRD =0, it disables the three-state bus drivers 
(DB 0-DB 3) and enables the three-state data output drivers (DO 0-DB 3), transferring data bus to 
the data outputs. | 


1856 FUNCTION TABLE 1857 FUNCTION TABLE 
For Memory Data Bus Separator Operation For |/O Bus Separator Operation 


DATA OUT ae DATA BUS OUT 


DATA BUS OUT 
DB 0-DB 3 


DATA OUT 
DO 0-DO 3 


HIGH HIGH | 
IMPEDANCE __| IMPEDANCE x HIGH HIGH 
IMPEDANCE __| IMPEDANCE 
DATA IN Het 
IMPEDANCE HIGH 
i> 4 DATA BUS 
HIGH DATA BUS IMPEDANCE _ 
IMPEDANCE U HIGH 
BAAN IMPEDANCE 


Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed by Hughes 
for its use; nor for any infringements or patents or other rights of third parties which may result from its use. No license is 
granted by implication or otherwise under any patent or patent rights of Hughes. 


HUGHES SOLID STATE PRODUCTS 


In Europe: Hughes Solid State Products 
500 Superior Avenue Hughes International Service Co. 
Newport Beach, CA 92663 Schmaedel Str. 22, 8000 Munich, Germany Printed in U.S.A. 9/83 
Telephone (714) 759-2942 TWX: 910-596-1374 Telephone 49-89-834. 7088 Telex: 5213856 HSPD Supersedes Previous Data 
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ee | ~H 1858/1859 
HUGHES | SOLID STATE PRODUCTS H 1858C/1859C 


eee fo i GA ee Day eh. 5 Ee) 
UH FE Ss AIRC RAFT (.OMPANY ‘ 


1800 CMOS Microprocessor Family 
4-Bit Memory Latch/Decoder 


DESCRIPTION 


Hughes’ 1858 and 1859 are 4-bit memory address latch/decoders which control 4K bytes of 
memory. The 1858 provides chip select outputs to control up to 32 H1822) (organized 256 x 4) 
RAMs.' The 1859 provides chip select outputs to control RAMs organized 1024 x 1. The Enable 
input allows expansion of memory systems beyond 4K bytes of memory. The chip select outputs 
are a function of the memory address bits connected to the MA 0-MA 3 lines. 


The 1858 and 1859 operate over a 4-10.5 voltage range while the 1858C and 1859C operate 
over a 4-6.5 voltage range. The 1858 and 1859 are available in a 16 lead hermetic dual-in-line 
ceramic package (D suffix), plastic package (P suffix), cerdip (Y suffix), or leadless chip carrier (L 
suffix). Devices in chip form (H suffix) are available upon request. 


FEATURES 
e Static Silicon Gate CMOS Circuitry e Allows direct control of 4K bytes of 
° Interfaces Directly with 1802A memory 

Microprocessor e 1858 is designed for 256 x 4 Memory 
¢ Chip Enable pin allows easy expansion Configuration 

above 4K Bytes of Memory e 1859 is designed for 1024 x 1 Memory 
e Low Quiescent and Operating Power Configuration 


PIN CONFIGURATION 


CcLock Ljie VDD 
1858 1859 MAO C42 ENABLE 

MA 1043 MA 2 

As C4 MA 3 

A8 C15 CEO 

A9 (J6 CE1 

AQ9 C47 CE 2 

Vss 1] 8 CE 3 

FUNCTIONAL DIAGRAM 
1858 1859 
4 
MA 0 o£] > pete eS q >—o CS 0 Ree Se | > ~ 0 AB 
aS =i 5 Cc at J >—0 As 
Pe pF os @ 


MA 2.0— > reso d > 0 CEO MA2 o* Pe a Wey 
3 fa} CQ 


s3L-E Tf. “ 
cLock of Se P:. fees. a io eo >to CE 1 a eeies 0 0 al 
O O a] ES q > CE? MA3 ma, | >o i : 
CQ 


ia mee 
UL 


CQ é — 9 
= 9 
aS = ae i cea 
ENABLE o> 16 = VDD ENABLE ee : a Yoo 
Sa NSS SS 
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ABSOLUTE MAXIMUM RATINGS | | ; | - _ NOTE: Operating. the device above the . A 


Operating Temperature Range (Ta | RM nt Sanat TR 
, j aoe ares Om | 
Ceramic Package.............. oo 55 to + 125 °C | device: This is 4 stréss rating only-and 
: Plastic Package Pe er ee ee ee i — 40 to + 85 C : functional operation of the device at : 
DC Supply: Voltage Range (VDD) — ee ey) other conditions above | 
(All voltage values referenced to Vss terminal) - i ea a at in ie Operational Sec: " 
1858/1859 .... —05to + 13V lons of this specification is not im- | 
ice ee a go Seas pe e plied. Exposure to absolute maximum 
1858C/1859C .... eee eee —0.5to+7V rating conditions for extended periods 
Storage Temperature Range (Tstg) ..... —65 to + 150°C may affect device reliability. 


OPERATING CONDITIONS at Ta = Full Package Temperature Range 


| SupplyVoltageRange | | = | | 4 | = | tos | oe | = | os | 
| Recommended Input Voltage Range | - | - | - | vss | - | Von | vss | - | 
| Minimum Cock Pulse Wieth,w? f= _1_=_}_s_} = |__| 7 | = _{_s9 1 75 _ 
p= | = | wo | - | ao | 4a | - | - | - 
| Minimum Data Setup Time, tps? f_=_{_=_}_§_1_=_{_a8_{_ao_| —_{_25_|_40_ 
p= | = | wo | - | wo | oe | - | - | - | 
| Minimum Data Hold Time, Tow’ | =} =} _s_{_=_7_0_/_2§_1 = _/_0_|_25_ 
pF = | = | mw | - | o | wm | - | - [| - | 
Static Electrical Characteristics at Ta = —40°C to + 85°C Unless Otherwise Specified 
Quiescent Device Current, IL Cea Se ea ae (ee es 
| | = [oto } i | - | 1 | wo | - | - | 
Output Low Drive (Sink) Current,ion |_04 | 05 | 5 [| 16 [| 32 | - [16 | 32 | 
eae Te a ee ee ee 
Output High Drive (Source) Current, Io |_4.6 __| p58 [1.15 | -23 | = [-115 | -23 | 
| 95 |o10 | 10 | ~-26 |-52 | - | - | - 
Output Voltage Low Level, VoL? ees ee ee ee ee ee 
ae ee ee ee ee ee ee ee 
| Ouput voltage High Revelvon | = Ce a ee ee 
_| = |o10 | i | 99 {| 1 | - |- [| - | 
ec canine Co a ee 
105,95 | — | wo | - | - | 3 [- | - 
Input High Voltage, Viq 06,95 | — | 5 | 36 | - | - | 365 | - | 
05,05} — | io | 7 | -~ | ~ [|- | - | 
ee Aree ee 
input | oto | 10 | — [w* | 22 | - | - | 
| Operating current ops] 28 ff et a se hie | 
| - {ot | wm | - [150 | 30 | - | - | - HA 
[input Capacitance, Gw «dT: -_ ‘| - | - |- | 8s |75 |- | 8 | 75 | oF | 


= 
o 
— 
oa 


Output Capacitance, CoyT 


*Typical values are for Ta = 25°C and nominal voltage 
Note 1: Maximum limits of minimum characteristics are the values above which all devices function. 


Note 2: lOL = !OH = 1A; 
Note 3: Measured in an 1802 system at 2 MHz with open outputs. 
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H 1858/1859 
_____ LIMITS So a 


Propogation Delay Times: 
Clock (Low-to-High) to 
Any Output, tco 
Enable to 
Any Output, tEo 


Oo | 


Memory Address to All Outputs, tio 


oO 


Clock = 1 
Se 


Propogation Delay Times: 
Clock (Low-to-high) to 


A8, AQ, A8, or AQ, tco 
Clock (Low-to-High) to 


CEO, CE1, CE2, or CE3, tco 
Enable to 


jas) 


MAO, MA1 to A8, AQ, A8, or 
AY, tio 
Clock = 1 
Enable = 0 
*Typical values are for Ta = 25°C and nominal voltage 


m 
a) 
se) 
S 
@ 
I 


10 
5 
10 


TIMING DIAGRAMS 


ips 


INPUTS 


INPUTS LATCHED 
CLOCK 


INVALID OR DON'T CARE CONDITION 


APPLICATIONS 


MA 0-7 


4K x 8 memory system using 1858 and 1822s 4K x 8 memory system design using 1859 and 
1K x 1 RAMs 
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SIGNAL DESCRIPTION 


MA 0—MA 3: 4 Bit Address inputs. MA 0 is the least significant input address bit and MA 3 
is the most significant input address bit. 


CLOCK: The MA 0O— MA 3 address bits are latched at the high to low transition of Clock in- 
put (TPA) in the 1858 and the 1859. 


The 1858 and the 1859 can also be used in general purpose memory system application 
with a non-multiplexed address bus by connecting the Clock input to Vpp. 


Vppb. When Enable = Vssg, the outputs are enabled and correspond to the binary decode of 
the inputs. The Enable input can be used for memory system expansion. 


ENABLE: In the 1858, when Enable = Vpp, the CS outputs = Vss and the CE outputs = 


In the 1859, when Enable = Vpp, the CE outputs = Vpp; when Enable = Vss, CE outputs 
are enabled and correspond to the binary decode of the MA 3 and MA 2 inputs. Enable does 
not affect the latching or state of outputs A 8, A 8, A9, or A 9. 


A8,A8, AQ, A9: These outputs represent the non-inverted and inverted state of the latched 
address inputs, MAO and MA‘, in the 1859. 


CE 0—CE 3, CS 0—CS 3: Decoded outputs. The decoding is shown in the truth tables 
below. 


TRUTH TABLES 


1858 DECODE TRUTH TABLE 1859 DECODE TRUTH TABLE 


= 


NOT AFFECTED 


NOT AFFECTED 
BY MA3, MA2 


BY MA3, MA2 


NOT AFFECTED BY 
ENABLE 


X = MAO, MA1, MA2, MA3 DON’T CARE X = MAO, MA1, MA2, MA3 DON’T CARE 


Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed 
by Hughes for its use; nor for any infringements or patents or other rights of third parties which may result from 
its use. No license is granted by implication or otherwise under any patent or patent rights of Hughes. 
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Telephone (714) 759-2942 TWX: 910-596-1374 Telephone: 49-89-834. 7088 Telex: 5213856 HSPD _Supersedes Previous Data 
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SPECIAL PURPOSE PRODUCTS 


Datasheets are available from Hughes Representatives or Hughes Solid State Products. 


HCTR 0107P Counter/Latch/Decoder/ Driver 

HCTR 0200P Decade Counter/Latch/Decoder/ Driver 
HCTR 0320AP Frequency Synthesizer 

HCTR 4010P 4 Decade Up/Down Counter 

HCTR 6010 42 Decade Counter 

HDGP 1000 General Purpose PMOS Fet 

HDIG 1030 Insulated Gate PMOS Fet 

HLSS 0533Y Single Chip, Heart Rate Monitor 


HUGHES SOLID STATE PRODUCTS 
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) 
Quad Logic Arrays 


a 
HUGHES AIRCRAFT COMPANY 


HCMOS Configurable Gate Arrays 


For technical information on Hughes Quad Logic® Arrays, see pages 13-17. 


FEATURES 


Standard Process is MIL. STD. 883B 

High Performance 3p HCMOS Silicon Gate Technology 

TTL and CMOS I/O Compatability 

Output Buffer Options Provide Drive Currents of up to 16 mA 

Up to 172 |/O Buffers Available 

P Channel and N Channel Sizes for Symmetrical Switching (Wp = 2Wn) 
Extensive Macro Library Available 

Two Levels of Metal Interconnection 

Propagation Delays of 1.4 Nanoseconds and Data Rates up to 35 MHz 
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| SOLID STATE PRODUCTS HB3108 


Military CMOS EEPROM 
1024X8 


DESCRIPTION 


Hughes’ HB 3108 is a 1K x 8 (8192 bits) CMOS Electrically Erasable Programmable Read Only 
Memory (E2PROM), tested in accordance with Military Standard 883B requirements. As such, it is 
intended for military or other applications which require superior performance and reliability over 
the wide temperature range of -55°C to +125°C. 


Thorough testing screens ensure a high reliability device, allowing for over 10,000 erase/ write 
cycles and greater than 10 years data retention and unlimited read cycles. The chip erase time and 
byte write times of 1 ms combine for a fast entire chip program time of about 1 sec. Both chip erase 
and byte write are controlled with TTL level pulses when Vpp is elevated to +16 Volts. A 3-line 
control architecture providing Chip Select (CS), Chip Enable (CE), and Output Enable (OE) allows 
for maximum flexibility in system implementation. The Hughes’ CMOS process provides the 
advantages of low power to the EEPROM user with a typical quiescent current of 2 pa. 


The HB 3108 is available in a 24 lead hermetic dual-in-line ceramic package (D suffix) or leadless 
chip carrier (L suffix). 


FEATURES 

@ 1K x 8 CMOS EEPROM @ 3-Line Control Architecture 

@ TTL Level Erase/Byte Write Controls @ 10 pW Typical Quiescent Power 
@ 1ms Erase/Write Times Dissipation 

@ 10,000 Erase/Write Cycles @ JEDEC Approved 24 pin DIP 

@ 10 year Data Retention and LCC Pinouts 


PIN CONFIGURATION 


Leadless Chip Carrier Ceramic Dip 


A7 
A6 
AS 
A4 


A3 
A2 


A 1 
AO 


1/09 
I/O 
1/O2 
GND 


1 
2 
3 
4 
5 
6 
7 
8 


eS a ao Re 
Ors oe OO 
et ee A es 
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ABSOLUTE MAXIMUM RATINGS 


DC Supply Voltage Range ...... ... —0.3 to + 18 Volts 
(All Voltages referenced to GND terminal) | 7 
Input Voltage Range ............... —0.3 to Vpp + 0.3 Volts 
Operating Temperature Range | i 
Ceramic Package ............... —55 to+ 125°C 
Storage Temperature Range ....... —65 to + 150°C 


RECOMMENDED OPERATING CONDITIONS 


NOTE: Stresses above those listed under 
‘Absolute Maximum Ratings” may cause perm- 
anent damage to the device. This is a stress 


rating only and functional operation of the 


device at these or any other conditions above 


those indicated in the. operational’ sections. of 


this specification is not implied. Exposure to 
absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


VDD Supply Voltage 5+ 1 Volts 


Temperature Range —55°C to + 125°C 


DC OPERATING CHARACTERISTICS 
Read: Vpp = 6V Unless Otherwise Specified 


VIL 
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+ 16 + 1 Volts 
—55°C to + 125°C | 


IL Input Leakage Current’ 


Output Leakage +4 
Current! : 


WA |CE=OE=0 


VDD = 4.75V 


Vo =OorVpp 


V 

ean Oe 

IL Input Leakage +4 +1 +4 A VIN =9Oorv | 
Current’ = ~ 7 


AC OPERATING CHARACTERISTICS HB 3108 
Read: Vpp = 5V Unless Otherwise Specified 


tad Address Hold Time 150 


aa 


© f= [oe [em 


N 
S 


[00 
tOH Output Hold from 
OE, CE, or CS which 0 — ns oo 
ever occurs first 
es || Syeneenen Sete 12 | ma | f= 100KH2 
READ TEST CONDITIONS 
Output Load: C, = SOpF Timing Measurement Reference Levels: Input = Output = 50% 
Input Levels: Vy = 2.4 Volts, V_ = 0.45 Volts Input Rise and Fall Times: t, = ts = 10ns 


Erase and Write, Vpp = 16V Unless Otherwise Specified 


tEp Erase Pulse Width ? 1 
twp Write Pulse Width 2 
tps Data Set Up Time’ a er P| 
toy Data Hold Time? / 170 | — | 200 | — | 260 = 
| = | 200 | = | 20 | - | 
pe 20 [200 


| 

ne |S 
ne |S VH. OE 
ce 
— 
=< 
— 


CS = Vy, OF = Vy 
tasp Address Set Up Time’ CS=Vy 
tAHP Address Hold Time! 


CS = VyH 
PROGRAMMING TEST CONDITIONS 


Input Levels: Vj = 3.8 Volts, VL = 0.6 Volts Timing Measurement Reference Levels: Input = Output = 50% 
Input Rise and Fall Times: t, = tg = 10ns 


NONVOLATILE CHARACTERISTICS 


= 16V 
Eneurance' 100,000 10,000 age > a ae =twp=1ms 


[Retention | 10 Vpp = 0 


PROGRAM CHARACTERISTICS VS. SUPPLY VOLTAGE 


NOTES: 
1. This parameter is only sampled and is not 100% tested. 
2. Erase and Write time is a function of +Vpp. See characteristic curve. 
3. Endurance is the maximum number of erase/write cycles per byte. 
4. Retention is the amount of time the data is retained in the mene 
without power being supplied. 


WRITE/ERASE 
VOLTAGE (V) 


WRITE/ERASE TIME (ms) 
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TIMING WAVEFORMS 
Read 


ADDRESSES 


CS 


OUTPUTS 


VDD 
+5V 


OE 
(CHIP ERASE) 


: ZIM VME 


FUNCTIONAL DIAGRAM ADDRESS INPUTS 


mr N 2 Ss (op) foe) oO 
c- n@ <t a <x P< 
aaa | | << < < 
POWER 
VDD 


— Ww 
pt 


HIGH 


VOLTAGE | VOLTAGE 
SENSE 
GENERATOR 


COLUMN DECODER 
1 OF 128 


«> 
@ 


aneal 

: UaRe 

SENSE & output LL 

LATCH re) DRIVERS a Uae 

ae? SE 

, OE ee 

CONTROL ad 
LOGIC 


cS 


1/00 
1/01 
1/02 
1/03 
1/04 
1/05 
1/06 
1/07 


HUGHES MILITARY PROGRAM HB 3108 


The Hughes’ Military Program was developed to provide Mil. Std. 883B processing of memory products. This 
includes screening to Class B of Method 5004 and quality conformance to Method 5005. 


Mil. Std. 883B, Method 5004, Class B, defines the procedures for total lot screening ofthe HB 3108 over the full 
temperature range defined as: —55°C to + 125°C. 


Mil. Std. 883B, Method 5005, Class B, defines the quality conformance inspections and tests required to ensure 
that each lot consistently meets specified quality and reliability levels. Method 5005 consists of Group A 
(electrical tests), Group B (package integrity tests), Group C (life tests), and Group D (package integrity tests) lot 
inspection procedures. 


The Hughes’ HB 3108 product flow is illustrated below. Details of the Class B screening tests and quality 
conformance testing for the HB 3108 are found in Hughes Specification Control Documents. 


HB 3108 PRODUCT FLOW SCREEN TESTS 


SCREEN TEST 


DICE WAFER INTERIM ELECTRICAL TEST 
BURN-IN 

FIRST OPTICAL SORT 100% 883 METHOD 1015 CONDITION C 

883 METHOD 2010 CONDITION B 160 HOURS @ Ta = 125°C MIN, 100% 

DIE ATTACH FINAL ELECTRICAL TESTS 100%, 883 METHOD 5005 
TABLE 1 STATIC & FUNCTIONAL & SWITCHING 
TESTS AT Ta = 25°C, —55°C, & + 125°C TEST 
REQUIREMENTS PER HUGHES SPECIFICATION 
DRAWING DS 72001 OR 72002. 


Q.A. EXTERNAL VISUAL LOT ACCEPTANCE. 
883 METHOD 2009. 


Q.A. MONITOR 


WIRE BOND 
ULTRASONIC Al 


Q.A. MONITOR 
FINISHED GOODS TO STORES 
PRE-SEAL OPTICAL SORT 100% 
883 METHOD 2010 CONDITION B QUALITY CONFORMANCE TESTS 


SEAL 


STABILIZATION BAKE Q.A. GROUP B INSPECTION 


883 METHOD 1008 CONDITION C 
TEMPERATURE CYCLING Q.A. GROUP C INSPECTION 
883 METHOD 1010 CONDITION C 


CONSTANT ACCELERATION 
883 METHOD 2001 CONDITION E OR D 
PER PACKAGE LIMITATIONS. Y-1 AXIS 


Q.A. GROUP D INSPECTION 


DATA ON FILE 


Q.A. PRE-SEAL OPTICAL INSPECTION 
883 METHOD 2010 CONDITION B 3 Soa ewe ara 


MARK 


FINE LEAK 100% 
883 METHOD 1014 CONDITION A OR B LEGEND 


GROSS LEAK 100% . C) PRODUCTION 


883 METHOD 1014 CONDITION C [] QA. MONITOR 
; BD] QA. GATE 
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OPERATING MODES 


The HB 3108 has three modes of speratan Read, Block Erase and Byte Write, all enabled when the isi iS 
selected (CS = high). In the Read Mode the HB 3108 functions as a normal CMOS ROM. When the power input 
(VDD) is raised to + Vpp the Erase or Write Mode is enabled. In the Erase Mode, all bytes are reset toa logic low 
(GND). In the Write Mode, bits of the addressed byte may be programmed to a logic high. An Erase Operation is 
required before re-writing over previously Programmed data. Detailed procedures for each mode follow: | | 


READ MODE: The circuit reads addresses on the falling edge of CE and latches the accessed data until CE 
goes high again. The latched data will appear at the outputs whenever CE is low, CS is high, and OE is low. A 
read is initiated with CS going high if CE is already low. 


ERASE MODE: A Block Erase (all 0’s in memory) is accomplished by setting CE and OE high, raising the 
| positive supply to + Vpp and then pulsing OE low. When the circuit internally senses the +Vpp voltage, it floats 
| the outputs preventing +Vpp level signals from appearing on the data I/O bus. Erasure can also be controlled 
by CS if OE is already low. 


WRITE MODE: A Write consists of programming 1’s into bits that contain a 0. A byte is written by setting CE 
and OE high, raising the positive supply to +Vpp, and pulsing CE low. The address lines must have valid data 
when CE falls and the data to be programmed must be valid on the data I/O lines while CE is low. A Write 
operation can follow an Erase while holding +Vpp at +Vpp, and several or all the bytes can be programmed 
with +Vpp held at +Vpp. A Write can also be controlled by CS if CE is already low. 


SUMMARY OF OPERATING MODES 


Standby (unselected)® X 0 X X Floating 
Standby (selected)® 1 1 1 X Floating 
Standby (selected) 1 1 0 +5 Floating 
Read 0 1 1 £5 Floating 
Read O- 1 0 +5 Data Output 
Erase . 1 1 0 +Vpp Floating 
Program 0 1 1 +Vpp Data Input 

| Prohibited State 0 1 0 +Vpp Data Input 


NOTE 5— Recommended modes for Vpp transition to and from +Vpp. Vpp should not fall below input levels during transition. 

PIN DESCRIPTIONS 
: A0—A9: Address inputs which select one of 1024 bytes of memory for either Read or Program. The addresses 
need to be valid only during the falling edge of CE. 


|/Og—1/07: Bidirectional three-state data lines that are Data outputs during a Read operation and Data inputs 
during a Write operation. 


GND: Negative supply terminal and V = 0 reference. 
Vpp: Positive supply terminal. It is raised to +Vpp for Erase and Write operations. 
CS: Chip Select. A Logic Low disables all control inputs in all modes. 


OE: Output Enable. A Logic High disables the Data Output Drivers in normal operation. If VDD =+VPppPp, a Logic 
Low causes a block erase. This input is active only when CS is high. 


CE: Chip Enable. This input causes the circuit to read the addresses at its falling edge for both Read and Write 
operations. For the Read operation, accessed data is latched and valid as long as CE is held ata Logic Low. If 
VppD = +Vpp, a Logic Low causes a byte Write operation. This input is active only when CS is high. 


Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed by Hughes 
for its use; nor for any infringements or patents or other rights of third parties which may result from its use. No license is 
granted by implication or otherwise under any patent or patent rights of Hughes. 
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HM0438A 


4 
HUGHES AIRCRAFT COMPANY 


Serial Input LCD Driver 


DESCRIPTION 


The 0438A is a CMOS/LSI circuit which acts as a smart peripheral that drives up to 32 seg- 
ment LCD displays, usually under microprocessor control. The device is processed to MIL 
STD 883B Class B to meet military/aerospace environments. Requiring only three control 
lines due to its serial input construction, the device latches the data to be displayed and 
relieves the microprocessor of the task of generating the required waveforms. 


The 0438A can drive any standard or custom parallel drive LCD display whether it be field 
effect or dynamic scattering, 7, 9, 14 or 16 segment characters, decimals, leading + or —, 
or special symbols. Several 0438A’s can be cascaded. The AC frequency of the LCD 
waveforms can be supplied by the user or can be generated by attaching a capacitor to the 
LCDo input, which controls the frequency of an internal oscillator. 


The 0438A can also be used as a column driver in a multiplexed LCD display. In this applica- 
tion timing and refresh must be supplied externally. 


The 0438A is available in a 40 lead hermetic dual-in-line ceramic package (D suffix), plastic 
package (P suffix), cerdip (Y suffix) or leadless chip carrier (L suffix). Devices in chip form (H 
suffix) are available to Class B optical criteria upon request. 


FEATURES 
e Military Standard 883B, Class B Qualified e CMOS, NMOS, and T°L 
e Drives up to 32 LCD segments of arbitrary compatible inputs 
configuration e Cascadable 
e CMOS construction for: e On chip oscillator 
Wide supply voltage range e Requires only 3 control lines 


Low power operation 
High noise immunity 
Wide temperature range 


PIN CONFIGURATION 


CLOCK 
SEG 1 
SEG 2 
SEG 3 
GND 
DATA OUT 
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ABSOLUTE MAXIMUM RATINGS : ete oe ee 
VDD Behe et A Si eto eee .—.3to + 15V NOTE: Operating the device above the “Ab-|" 


| | Bee Ree eg a : . . solute Maximum Ratings” may cause perma-)- 
Inputs (Clk, Dataln, Load).......+Vpp — 15to + VDpp + .3V nent damage to the device. This is a stress|’ 
| aoe te es a . rating only and functional operation of the: 
LCD® Input ce ee Pg atgs fer Sto + VDD + .8V device at these or any. other conditions above | 
Power Dissipation ........ ee... 250mMW | those indicated in the operational sections of}. 
ati ae 7 a a" this specification is not implied. Exposure to, 
Operating Temperature oe : _. absolute maximum rating conditions for ex- 
Ceramic Package .......... —55 to + 125°C tended periods may affect device reliability. 
Storage Temperature ........... —65 to + 150°C 


ELECTRICAL CHARACTERISTICS at TA = —55 to + 125°C and Vpp = 5V unless otherwise noted 


Supply Voltage a 


5V 
Supply Current IDD1 LCD® Osc < 15 KHz 15V 


Vpp = 5V 
Vpp = 15V 


Quiescent Current 


Input High Level 


Input Low Level Clock, VIL 
Data, 


Input Current Load 


< 
za 


Vpp = 10V 


- 


Input Capacitance 


Segment Output Impedance RON IL = 10pA 
Backplane Output 

es, Data-Out Output R | 

way Se Impedance ON 


| Clock Rate 


<p. t Data change to 
Data Set-up Time DS Clk falling edge, Vpp = 10 210 


— 
< 
r 
N 


50% Duty Cycle, Vpp = 10 


er 


LCD® Input Current Level IL 3 Driven, Vpp = 10V 


VDD = 10 
Vpp = 10 
CL = 55pf, Vpp = 10 


“J 


NO 
ft 
Oo 


IVDD 
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BLOCK DIAGRAM HM0438A 


Clock a 


Data In 4 32 BIT STATIC SHIFT REGISTER -—~ Data Out 


Load 32 LATCHES 


32 SEGMENT DRIVERS 


32 Ouputs 


LCD AC 
GENERATOR 


Backplane 
Output 


TIMING DIAGRAM 


l | | 
Clock 
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OPERATING NOTES 


1. The shift register loads, shifts, and outputs on the falling edge of Clock. 
2. A logic 1 on Data In causes a segment to be visible. 


3. A logic 1 on Load causes a parallel load of the data in the shift register into latches that control 
the segment drivers. 


4. |f LCD ® is driven, it is in phase with the Backplane Output. 

5. To cascade units, either connect Backplane of one circuit to LCD® of all other circuits (thus 
one Capacitor provides frequency control for all circuits) or connect LCD® of all circuits to acom- 
mon driving signal. If the former is chosen, tie just one Backplane to the LCD and use a different 
Backplane output to drive the LCD® inputs. Either the data can be loaded to all circuits in parallel 
or Data Out can be connected to Data In to form a long serial shift register. 

6. The supply voltage of the 0438A is equal to half the peak driving voltage of the LCD. If the 0438A 
supply voltage is less than the swing of the controlling logic signals, the positive supply leads of the 
logic circuitry and the 0438A should be tied in common, not the ground (or negative) supply leads. Be 
careful that input level specifications are met. 

7. The LCD® pin can be used in two modes, driven or oscillating. If LCD® is driven, the circuit 
will sense this condition and pass the LCD® input to the Backplane output. If the LCD® pin is 
allowed to oscillate, its frequency is inversely proportional to capacitance and the LCD driving 
waveforms have a frequency 2° slower than the oscillator itself. This relationship is shown in Figure 
1. The frequency is nearly independent of supply voltage. If LCD @ is oscillating, it is important to 
keep coupling capacitance to backplane and segments as low as possible. Similarly, it is recom- — 
mended that the load capacitance on LCD® be as large as is practical. 

8. There are two obvious signal races to be avoided in this circuit, (1) changing Data In when Clock 
is falling, and (2) changing load when Clock is falling. | 

9. The number of a segment corresponds to how many clock pulses have occurred since its data 
was present at the input. For example, the data on Seg 19 was input 19 clock pulses earlier. 

10. It is acceptable to tie the load line high. In this case the latches are transparent. Also, remote 
control would only require two signal lines, Clock and Data In. 


Frequency 
(Hz) 


20 #230 40 #250 #60 ° 70 
Capacitor 
(pf 


FIGURE 1 


Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed 
by Hughes for its use; nor for any infringements or patents or other rights of third parties which may result from 
its use. No license is granted by implication or otherwise under any patent or patent rights of Hughes. 


‘SOLID STATE PRODUCTS 


ss J 
HUGHES AIRCRAFT COMPANY 


In Europe: Hughes Solid State Products 
500 Superior Avenue Hughes International Service Co. , oe ne N/C 
Newport Beach, CA 92663 Schmaedel Str. 22, 8000 Munich, Germany Printed in U.S.A. 
Telephone (714) 759-2942 TWX: 910-596-1374 Telephone: 49-89-834. 7088 Telex: 5213856 HSPD Supersedes Previous Data 


224 


) : HM1831/1833 
| HUGHES = SOLID STATE PRODUCTS HM1831C/1833C 


ey east tts NS Te Re he De OR ee ee Oh ee 
HUGHES AIRCRAFT COMPANY 


1800 CMOS Microprocessor Products 
Static ROM 


512 x 8 Static ROM — 1831 
1024 x 8 Static ROM — 1833 


DESCRIPTION 


‘Hughes’ 1831 and 1833 are Static CMOS Mask Programmable Read Only Memories processed 
to MIL STD 883B, Class B to meet military/aerospace environments. 


The 1831 and 1833 respond to a 16 bit address time multiplexed on the eight address (MA0- 
MA 7). The eight most significant address lines are latched on the chip by the clock input. 
This address may be decoded by a mask option to allow the 1831 to operate in any 512 word 
area, and the 1833 in any 1024 word area within the 65,536 byte memory space. 


In addition, three chip select signals may be decoded for simplified system interfacing. The 
Chip Enable Output (CEO) is activated when the chip is selected and can be used as a 
disable control for small RAM memory systems. Data is accessed from the memory by 
decoding the Address inputs and enabled on the data bus by the two Chip Selects (CS 2 and 
CS 1), the Memory Read (MRD) and the upper address decode. The CEI signal may be used 
as an additional control of the ROM selected output signal, CEO, on the 1833. 


The 1831 and 1833 operate over a 4-10.5 voltage range while the 1831C and 1833C operate 
over a 4-6.5 voltage range. The ROMs are available in a 24 lead hermetic dual-in-line ceramic 
package (D suffix), cerdip (Y suffix) or leadless chip carrier (L suffix). Devices in chip form (H 
suffix) are available upon request to Class B optical criteria. 


FEATURES 

e MIL STD 883B, Class B Qualified 

e Static Silicon Gate CMOS Circuitry 

e Interfaces Directly with 1802A 
Microprocessor without Additional 


Single Voltage Supply 

Low Quiescent and Operating Power 
Static — No Clocks Required 

Chip Select and Address Location 


Components Within 64K Memory Space, Mask 
e Access Time Programmable 
850ns Typical at Vpop = ov 
350ns Typical at Vpp = 10V 
FUNCTIONAL DIAGRAM PIN CONFIGURATION 
MA 7 BUS 7 1 Vpop 
MA 8 BUS : 2 CLOCK 
MA 4 BUS 4 ; a 
MA 3 Eanes: STORAGE OUTPUT BUS 3 : ea3 
MA 2 eUEren ARRAY BUFFERS BUS 2 : MRD 
MA 1 BUS 1 alr 
MAO poe 8 BUS 7 
CLOCK ———+ ) BUS 6 
(TPA) ae ; 
aa 19 BANK BUS 3 
ee 50 SELECT CEO 
G6 4 asset | DECODE oe 
Vpp = 24 Vpp = 12 | * No Connection on 1831 ° 


225 


| ABSOLUTE MAXIMUM RATINGS a os 
: Pa on ae — | | NOTE: Operating the device above the “Ab- 

Operating Temperature Range (TA) a ___° solute Maximum Ratings” may cause perma- 
| Ceramic Package .............. —55to +125°C nent damage to the device. This is a stress 
| DC Supply-Voltage Range (Vpp) | | | rating only and functional operation of the 
| (All voltage values referenced to Vss terminal) — peviee ay Wiccan: oo y Oe cong tele aoc 


those indicated in the operational sections of | 


. VWGSTI1G83)6 2 hore S25 Re er —0.5 to +13V this specification is not implied. Exposure to | 
1631CIN833C oc caine wee reese Pax —0.5to + 7V absolute maximum rating conditions for ex- | 
Storage Temperature Range (Tstg) —.. ~65 to +150°C tended periods may affect device reliability. | 


OPERATING CONDITIONS at Ta = Full Package Temperature Range Unless Otherwise Specified. 


Recommended Input Voltage Range po Vss VDD Vop | Vss_| VDD Vss Vpp 


Clock Pulse Width (TPA), tpaw ° 200 


| = | | = | | = | = 
p= | = | a 
Access Setup ime, tqg S100 |_=_}_ suo t= seo f= 100 = 
| | 1 | co | - | - | - | ow | - [| - CT 

Address Hold Time, taH a | 150 poe Se = = 


Quiescent Device Current, IL 


Output Drive Current, 
N-Channel (Sink), IpN 


P-Channel (Source), IpP 


Output Voltage 
Low Level, Voi 


ro foos[ = [- |= [=o Joosl = [— 

| - | 6 jas] 5 | - [aos] 5s | - [aos] 5 | ~ [405 

High Level, Vor P= Foe foos fo [=| - [- [= fos [=| - [-]-| * 

Input Leakage Current, P- | 6 | - |= fer] - | - far) - | fat] - [= fat 

Ls kl eet ce : 
3-State Output Leakage 0,5 aes es +1 es ea ee | ae +1 
Curent tout we fie (leila ile fe 


* Typical values are for Ta = 25°C and nominal Vpp 


ee SSeS = 
eee eee 7 


Output Voltage 
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ELECTRICAL CHARACTERISTICS, Cont. HM 1831/1833 


CONDITIONS 


Vo | Vop 
(V) 


DYNAMIC: t,, tg = 10ns, Cy, = 50pF, RL = 200 KO 


Access Time From Address 
Access Time From Chip 
CEO From Address 
Bus Contention Delay, 

le) 


CHARACTERISTICS 


s 
~ 
< 
Ps 


1000 | — | 650 | 1000 
[sso soo f= -[- | ™ 


—_h ak 
(>) — 
oO oO 
(on) (=) 
es De 
ras) jo) 

[o) 


8 
NO 
>) 


ns 
240 | — | 120 | 240 | 
OS ere 
220 | 300 | — | 220 | 300_ 
[07 Batre ee 
200 | 360 | — | 200 | 300 | 
ices events 


No on ~ ©O 
=) © © go 
o) © Oo jo) 

™N Ww 

oO ol 

oO io) 


Ww 
© 


—k —_h ss —_—k oh — 

«+ lo s=in/|lmlalrnmlwn] & lo 
o!19 oOlolol]o | oalo]ole 
G10 GDIDIAISODIAISA!|S/SO 


| + 10] NM 
oO;o a;o]; o 
om r®) O}o|] oo 


Read Delay, 400 | 700 | — | 400 | 700 | 
fe [ao [ao |=} — [=| ° 


MO ;or; & | © 
| ao;o;o|;o 
oO1o!|o!loe 


cS) 
250 | 460 | — | 260 | 450 | 
[125 | 2s0 | - | - | - | 


NO 
7) 
© 


or © 
=) oO 
-) Oo 


tes 
Chip Enable Output Delay 
Time From CS, tco 


| Power Dissipation, Pp 


‘mak ok a 
a ° es 6 8 6 
eS 
a_i 
On 
Pay 
—_ 
a ro) 
— — | Po 
rm }2) Oo /;° 
ro) omno 
a_h, 
~] 
ro) 
nh 
(ee) 
ro) 
a) 
| he) 
an 
a 
(ep) 


Cycle time = 2.5us 


_* Typical values are for Ta = 25°C and nominal Vpp 


TIMING DIAGRAMS 1833, 
0s YO LLL Sar 


MA LOLLY L.O MA LLL OK LO. 


tas | A | 
tA 
CLOCK ¥ ir tas 
TPA ss 3 
c — “ = ae 


MRD 


CEO 
tMRD CEI -— 
HIGH IMPEDANCE 


BUS Yi), to = 
~z Valid Data. ~ OUTPUT VALID ——tca 


ACTIVE DATA 


Longer Time Will 
Initiate An Earlier | re tp ee 
But Invalid Output 
BUS LLL 


H.O. = High Order Address T VALID 
L.O. = Low Order Address VA nvauip OR DON’T CARE CONDITIONS ene DATA 


| The dynamic characteristic table and the above timing diagrams represent maximum performance 
| capability of the 1831/1833. When used in direct system interface with the 1802A microprocessor, the 
4 timing relation will be determined by the clock frequency and timing signal generation of the 
| microprocessor. In the latter case the following general timing conditions hold: taH = 0.5 tc 

| tPAW = 1.0tc 

|} MRD occurs one clock period (tc) earlier than address bus MAO — MA7Z, 
| te = 1/1802A clock frequency. | | 
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8 BIT BI-DIRECTIONAL DATA BUS 


SIGNAL DESCRIPTION 


MAO — MA7: High order byte of a 16-bit memory address appears on the memory address 
lines, (MAO—MA7), first. Those bits required by the memory system are strobed into internal 
address latches by Clock (TPA) input. The low order byte of 16-bit address appears on the 
address lines after the termination of TPA. 


BUSO — BUS7: These eight bi-directional three state data lines form a common bus with 
the 1802A microprocessor. | 


CLOCK (TPA): A timing signal from 1802A microprocessor (trailing edge of TPA) is used to 
latch the high order byte of the 16-bit memory address. The polarity of TPA is user mask pro- 
grammable. 


CS1, CS2, MRD: Chip Select and Memory Read (output enable) signals. The polarity of the 
chip select signals are user mask programmable. | 


CEO, CEI: Chip enable output signal (CEO) is high when either the chip is selected or CEI is 
high (1833 only). CEO and CEI can be connected in daisy chain operation between several 
| ROMs to control selection of RAM chips in a microprocessor system without additional 
components. The polarity of CEI is user mask programmable in the 1833. 


ORDERING INFORMATION 7 | 


Contact Hughes for price and other information relating to ROMs. ROM order forms and in- 
structions concerning means of data conveyance are available from Hughes Solid State 
Products or Hughes’ representatives. 


Information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed 
by Hughes for its use; nor for any infringements or patents or other rights of third parties which may result from 
its use. No license is granted by implication or otherwise under any patent or patent rights of Hughes. 


: HUGHES SOLID STATE PRODUCTS 


u J 
HUGHES AIRCRAFT COMPANY 


In Europe: Hughes Solid State Products 
500 Superior Avenue Hughes International Service Co. Printed in U.S.A 
Newport Beach, CA 92663 Schmaedel Str. 22, 8000 Munich, Germany Rev. N/C 5/83 
Telephone (714) 759-2942 TWX: 910-596-1374 Telephone: 49-89-834. 7088 Telex: 5213856 HSPD Supersedes Previous Data 
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CUSTOM CIRCUITS 


Hughes can add another 
dimension to your product by 
adding nonvolatile memory to your 
custom circuit! 


Hughes is equipped to handle your 
custom and semi-custom 
requirements from specification 
definition through: 


Design 

Mask Fabrication 
Wafer Fabrication 
Assembly 

Test 

Delivery of volume 
production 


Hughes’ CMOS processes include 
our high performance 3u HCMOS 
(1 nsec gate delay) and metal gate 
processes, which are selectively 
used for logic, nonvolatile memory 
and analog functions. 


Hughes’ Standard Cell technology 
_ can be used for fast turnaround of 
_ prototypes. Our design automation 
_ system allows for merging linear 
and digital logic functions ona 
Standard Cell device. 


Microcircuit 
Packaging 


Hughes is a producer of high 
volume multi-chip assemblies, 
utilizing state of the art technology 
to achieve high packaging 
densities for hi-rel applications at 
competitive prices. 
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HUGHES SOLID STATE PRODUCTS 


SILICON FOUNDRY 


Hughes’ full service foundry 
accepts customer owned tooling 
(COT) for our 3u HCMOS silicon 
gate, 5u CMOS metal gate, and 7u 
PMOS metal gate processes. 
Custom designs should be supplied 
in the form of Calma GDS-Il 
database tapes or masks for a 


minimum run of 25 wafers. We 
provide wafers, die or packaged 
devices, processed for military, 
industrial or commercial 
applications. 


Hughes provides simulation in 


Process Specifications — Design Parameters 


ELECTRICAL PARAMETERS @ 25°C eopenne) P Channel 
; e Typ. Typ. 


VT @ 1na, volts 6 to 1.2 —.6 to —1.2 


Field Inv @ 1na, volts 
Poly Silicon 


BypDSs volts 
Body Effect 
KP 


; “| Oxide Thickness, pm 
Gate (Std Gate) 
Field (Poly-Sub) 
Field (Poly-Met) 
Met-Metal Il 


Capacitance 
COX, pF/sq. mil 


CJO, pF/sq. mil 


Poly Silicon 
Sheet Res, ohms/sq. 


Diffusion 
Well Res., kohms/sa. 


Diff. Res., ohms/sq. 


Metal 
Met Thick, ym 


Metal Il Thick, um 


Max. Current Density = 5. 0E5 amp/sq. cm 


235 


SPICE to worst case parameters. 
Our post-wafer processing 
includes wafer probing, packaging 
and packaged device testing. We 
maintain our processes by using 
sophisticated process control 
monitors. 
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MANUFACTURING FLOWS 


PARP Ep tpabetged aPdeBO MDOP OMALE MBL A ENEMY MAE AEALOOY PULOENEE HREED BIEMDOEMS Be AE SHELLED SOMEDAY AAD ESL 


oh magstnsttvan enBhaesesteshbebsgaye® sentetecett debe 


SDE NREL ADD DEPEND EDU 


HUGHES SOLID STATE PRODUCTS 


HUGHES STANDARD COMMERCIAL PRODUCTS FLOW. 


DICE WAFER 


FIRST OPTICAL SORT 100% 
HUGHES QAI 11-56 


DIE ATTACH 


Q.A. MONITOR 


WIRE BOND 
Q.A. MONITOR 


PRE-SEAL OPTICAL SORT 100% 
HUGHES QAI 11-56 


Q.A. PRE-SEAL OPTICAL INSPECTION 
HUGHES QAI 11-56 


PLASTIC CERAMIC 


eS eee & SEAL 


@ STABILIZATION BAKE 


XFO-LFO-L}O-C-O 


(_) SOLDER DIP CD MARK 


& FINE LEAK. 1.0% AQL 


eS Sani & GROSS LEAK 


( ) ELECTRICAL TEST 100% Ta~ 25°C 


»< Q.A. EXTERNAL VISUAL LOT ACCEPTANCE 


C) PRODUCTION 


ee YI GHES SOLID STATE PRODUCTS 
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HUGHES STANDARD INDUSTRIAL PRODUCT FLO Wu 


DICE WAFER 


FIRST OPTICAL SORT 100% 
HUGHES QAI 11-56 


DIE ATTACH 


Q.A. MONITOR 
WIRE BOND 


Q.A. MONITOR 


PRE-SEAL OPTICAL SORT 100% 
HUGHES QAI 11-56 


Q.A. PRE-SEAL OPTICAL INSPECTION 
HUGHES QAI 11-56 


PLASTIC CERAMIC 


SEAL 


STABILIZATION BAKE 


MARK 


SOLDER DIP 


FINE LEAK. 1.0°o AQL 


GROSS LEAK 


INTERIM ELECTRICAL TEST 


BURN-IN 
883 METHOD 1015, CONDITION C 
160 HOURS @ Ta=125°C MIN. 


FINAL ELECTRICAL TEST 100% Ta - 25°C 
Q.A. ELECTRICAL INSPECTION Ta = 25'C, 1% AQL 


Q.A. EXTERNAL VISUAL LOT ACCEPTANCE 


C) PRODUCTION 


emetic irene neitiaeesei= et UGHES SOLID STATE PRODUCTS 
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HUGHES STANDARD MILITARY/HI REL CLASS B FLOW 


DICE WAFER 


FIRST OPTICAL SORT 100% 
883 METHOD 2010 CONDITION B 


DIE ATTACH 


Q.A. MONITOR 


WIRE BOND 
ULTRASONIC Al 10% REBOND 


Q.A. MONITOR 


PRE-SEAL OPTICAL SORT 100% 
883 METHOD 2010 CONDITION B 


Q.A. PRE-SEAL OPTICAL INSPECTION 
883 METHOD 2010 CONDITION B 


SEAL 


STABILIZATION BAKE 
883 METHOD 1008 CONDITION C MIN. 


TEMPERATURE CYCLING 
883 METHOD 1010 CONDITION C 


CONSTANT ACCELERATION 
883 METHOD 2001 CONDITION E OR D, 
PER PACKAGE LIMITATIONS, Y-1 AXIS 


MARK 


FINE LEAK 100% 
883 METHOD 1014 CONDITION A OR B 


GROSS LEAK 100% 
883 METHOD 1014 CONDITION C 


INTERIM ELECTRICAL TEST 


BURN-IN 
883 METHOD 1015 CONDITION C 
160 HOURS @ Ta =125°C MIN. 


FINAL ELECTRICAL TESTS 100% 
883 METHOD 5005, TABLE 1 
STATIC & FUNCTIONAL TESTS @ Ta =25°C AND 125°C 
SWITCHING TESTS @ Ta =25°C 
TEST REQ. PER HUGHES DATA SHEET OR CUST. SPEC. 
Q.A. ELECTRICAL INSPECTION; GROUP A TESTS PER 
C) PRODUCTION 883 METHOD 5005, TABLE 1 
STATIC & FUNCTIONAL TESTS @ Ta = 25°C AND 125°C 


[| Gk MONITOR SWITCHING TESTS @ Ta =25°C 
x] QA GATE Q.A. EXTERNAL VISUAL LOT ACCEPTANCE 
883 METHOD 2009, 2.5% AQL 
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HUGHES SOLID STATE PRODUCTS 


ORDERING INFORMATION/NOMENCLATURE 


STATUS NOTICES 
Preliminary Information: indicates guidance values for evaluation purposes. Some electrical parameters are 


subject to change. 
Advance Information: indicates design objectives. Some functional characteristics are subject to change. 


NOMENCLATURE 


Hughes is in the process of re-defining our nomenclature. For more detailed information, contact Hughes or 
Hughes’ representatives. 


H M 23C64 Cc L 000 


Looe TYPE 


PACKAGES 
VARIABLE MODIFIER 
DEVICE NUMBER 
PRODUCT FLOW 
HUGHES 


Example 


HM 23C64-C-L-000 = Hughes Military 23C64, 4-6.5 voltage range, in a leadless chip carrier package, standard 
device. 


Product Type Packages Product Flow 
000 = Standard Product L =Leadless Chip Carrier C = Commercial 
XYZ = Custom Product* D = Ceramic Dip | =Industrial 
H = Devices in Chip Form B = Hi Reliability 
Variable Modifier* P = Plastic Dip M = Military 
One character modifier for Y = Cerdip S = Special* 
speed, power, processing, 
etc. 


*For detailed information, contact Hughes’ Customer Service. 
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HUGHES SOLID STATE PRODUCTS 


UNITED STATES 


ALABAMA 
Huntsville 
Li DING: oo cae vchee ts (205) 837-1469 
555 Sparkman Dr., Ste. 820 F 
Huntsville, AL 35803 
ARIZONA 
Scottsdale 
SMS and Associates .......... (602) 998-0831 
7807 East Greenway Rd., Ste. 8 
Scottsdale, AZ 85260 
CALIFORNIA 
Campbell 
Kottmeier Assoc. .............. (408) 866-5153 
2470 South Winchester, Ste. B 
Campbell, CA 95008 


La Mirada 
Select Electronics ............. (714) 739-8891 
14480 Alondra Bivd., La Mirada, CA 90367 

San Diego 
Mesa Engineering ............ (619) 278-8021 
7525 Convoy Ct., San Diego, CA 92111 

FLORIDA 

Clearwater 

Delmac Sales ................. (813) 447-5192 


1415 Duncan Ave. So., Clearwater, FL 33516 
Orlando 


Deimac Sales ................. (305) 898-4688 
§20 Virginia Dr., Orlando, FL 32803 

Tamarac 
Delmac Sales ................. (305) 726-1330 


7338 N.W. 7th St., Tamarac, FL 33319 
GEORGIA 
Atlanta 
L&DB,ING. 0. ee (404) 455-3483 
4350 Georgetown Square, Ste. 707 
Atlanta, GA 30338 


UNITED STATES 


ARIZONA 
Phoenix 
R.V. Weatherford .............. (602) 272-7144 
3355 West Earil Dr., Phoenix, AZ 85017 
TWX: 910-951-0636 
CALIFORNIA 
Anaheim 
R.V. Weatherford .............. (714) 634-9600 
1550 Babbitt Ave., Anaheim, CA 92805 
TWX: 910-593-1334 


Anaheim 
Zeus Components ............ (213) 924-0454 
1130 Hawk Cir. (714) 632-6880 


Anaheim, CA 92807 
TWX: 910-591-1696 

Glendale 
R.V. Weatherford .............. (213) 849-3451 
6921 San Fernando Rd., Glendale, CA 91201 
TWX: 910-498-2223 


Pomona 
R.V. Weatherford .............. (714) 623-1261 
1095 East Third St. (213) 966-8461 


Pomona, CA 91766 
TWX: 910-581-3811 

San Diego 
R.V. Weatherford .............. (619) 695-1700 
7665 Formula Pl., San Diego, CA 92121 
TWX: 910-335-1570 

Santa Barbara 
R.V. Weatherford .............. (805) 965-8551 
18 East Ortega St., Santa Barbara, CA 93101 
TWX: 910-334-4835 


EUROPE 


AUSTRIA 
Becos Ges, m.b.H_ ............ (0222) 95 91 45 
A-1160 Wien, Gablenzgasse 52, Austria 
TWX: 134606 

BELGIUM 
Auriema Belgium S.A./N.V. .. 
Rue Brogniez Straat 172A 
Bruxelles, 1070 Brussel, Belgium 
TWX: 21646 

DENMARK 
MicronorAps ...........00000005 (06) 81 65 22 
Herningvej 98 
Silkeborg, DK 8600 Denmark 
TWX: 63245 Micnor 

ENGLAND 
Pelco Electronics .............., (0708) 61911 
Spring Gardens 
Romford, Essex RM7 9LP England 
TWX: 23984 


. +. (02) 523 62 95 


HUGHES U.S. AND CANADIAN SALES REPRESENTATIVES 


IDAHO 
Boise 
N.R. Schultz Co. .............. (208) 377-8686 
1074B North Cole Rd., Boise, 1D 83704 
ILLINOIS 
Elk Grove Village 
Carlson Electronic Sates Co. .. 
600 East Higgins Rd. 
Elk Grove Village, !L 60007 
INDIANA 
Indianapolis 
J&W Sales ...00. ee (317) 842-3740 
7202 North Shadeland Ave. 
Indianapolis, IN 46250 
lOWA 
Cedar Rapids 
Carlson Electronic Sales Co. .. 
204 Collins Rd., N.E. 
Cedar Rapids, |A 52402 
KANSAS 
Shawnee Mission 
Technical Sales Assoc. ........ (913) 888-3330 
P.O. Box 14842 
9290 Bond, Ste. 114 
Shawnee Mission, KS 66215 
MARYLAND 
Towson 
AMDOUGK? ssc sicianecs ee vegies (301) 825-0775 
102 W. Joppa Road 
Towson, MD 21204 
MASSACHUSETTS 
Wellesley Hills 
R.H. Sturdy Co. oo. eee (617) 235-2330 
P.O. Box 328, 167 Worcester St. 
Wellestey Hills, MA 02181 
MICHIGAN 
Livonia 
Luebbe Sales ................. (313) 477-3131 
19500 Middlebelt Rd., Ste. 260W 
Livonia, MI 48153 


(312) 956-8240 


(319) 377-6341 


MINNESOTA 
Minneapolis 
Bill Deming Assoc. ............ (612) 888-5000 
8053 Bloomington Fwy, 
Minneapolis, MN 55420 
MISSOURI! 
St. Louis 
Technical Sales Assoc. ........ (314) 725-5361 
P.O. Box 10907, 119 Church St., Ste. 223 
St. Louis, MO 63135 
NEW HAMPSHIRE 
Windham 
R.H. Sturdy Co. ......... 0.000. (603) 893-9506 
8 Birchwood Road, Windham, NH 03087- 
NEW JERSEY 
Marlton 
B.G.R. Associates ............. (609) 983-1020 
2002 Greentree Executive Campus, Ste. D 
Marlton, NJ 08053 
NEW MEXICO 
Albuquerque 
Compass Marketing & Sales ... (505) 292-7377 
2632 Pennsylvania N.E., Ste. B 
Albuquerque, NM 87110 
NEW YORK 
Bayside 
Robert Diamond, Inc. .......... (212) 423-7330 
210-30 23rd Ave., Bayside, NY 11360 
East Rochester 
Tri-Tech Eletronics, tnc. ....... {716) 385-6500 
300 Main St., E. Rochester, NY 14445 
Endwell 


Tri-Tech Electronics, Inc. ...... (607) 754-1094 

3215 East Main St., Endwell, NY 13760 
Fayetteville 

Tri-Tech Electronics, Inc. ...... (315) 446-2881 


6836 E. Genesee St., Fayetteville, NY 13066 
Fishkill 

Tri Tech Electronics, inc. ...... (914) 897-6511 

14 Westview Dr., Fishkill, NY 12524 


NORTH CAROLINA 
Greensboro 
EB: Ds ING coc ec 8 eee cewene (919) 292-3201 
P.O. 5510 W. Friendly Ave. 
Greensboro, NC 27419 


Raleigh 
Lk @' DING: as cesta ccebees (919) 876-5301 
100 Dresser Ct., Raleigh, NC 27609 
OHIO 
Cincinnati 
Luebbe Sales ................. (513) 891-5770 


4172 Crossgate Sq., Cincinnati, OH 45236 
Cleveland 
Leubbe Sales ................. (216) 333-0425 
21330 Center Ridge Rd., Cleveland, OH 44116 
Columbus 
Luebbe Sales ................. (614) 431-0474 
6500 Busch Blvd., Ste. 210 
Columbus, OH 43229 
Dayton 
Luebbe Sales ................. (513) 294-0426 
3832 Kettering Blvd., Dayton, OH 45439 
OREGON 
Beaverton 
N.R. Schultz Co. ...........04. (503) 643-1644 
13095 S.W. Henry, Beaverton, OR 97005 
PENNSYLVANIA 
Pittsburgh 
Luebbe Sales ................. (412) 931-0414 
2987 Babcock Blvd., Pittsburgh, PA 15237 
TEXAS 
Austin 
Sundance Sales .............. (512) 250-0320 
10116 Woodland Village Dr., Austin, TX 78750 
Houston 
Sundance Sales .............. (713) 772-4988 
5925 Sovereign, Ste. 111 
Houston, TX 77036 


HUGHES U.S. AND CANADIAN DISTRIBUTORS 


Santa Clara 
Zeus Components ............ (408) 727-0714 
2350 Scott Bivd., Bldg. 64 
Santa Clara, CA 95051 
TWX: 910-338-2121 
Sunnyvale 
RV. Weatherford .............. (408) 738-8694 
1310 Kifer Rd., Sunnyvale, CA 94086 
TWX: 910-339-9512 
COLORADO 
Englewood 
R.V. Weatherford .............. (303) 770-9762 
8515 East Orchard Rd., Englewood, CO 80111 
TWX: 910-935-0151 
CONNECTICUT 
Orange 
Milgray: scicig situs Senav teow (203) 795-0711 
378 Boston Post Rd., Orange, CT 06477 
FLORIDA 


Winter Park 
Milgray .......c cece eee eee (305) 647-5747 
1850 Lee Road, Ste. 104, Winter Park, FL 32789 
GEORGIA 
Atlanta 
MiG FAY seis shore sie e-ccsjecstepos Sees (800) 241-5523 


17 Dunwoody Park, Ste. 102, Atlanta, GA 30338 
ILLINOIS 
Rosemont 
Advent Electronics, Inc. ....... (312) 297-6200 
7110-16 N. Lyndon St., Rosemont, IL 60018 
INDIANA 
Indianapolis 
Advent Electronics, Inc. ....... (317) 872-4910 
8446 Moller Rd., Indianapolis, ID 46268 


IOWA 
Cedar Rapids 
Advent Electronics, Inc. ....... (313) 363-0221 
682 58th Ave., CT. S.W., Cedar Rapids, IA 52404 
KANSAS 
Overland Park 
Milgray: is can neaase acted (913) 236-8800 
6901 West 63rd St., Overland Park, KS 66202 
MARYLAND 
Rockville 
MiIQKAY. icesese cet taes ov iad (800) 638-6656 
11820 Parklawn Dr., Rockville, MD 20852 
MASSACHUSETTS 


Burlington 
Milgray iin cdes ices teeta (617) 272-6800 
79 Terrace Hail Ave., Burlington, MA 01803 
Burlington 
Zeus Components ............ (617) 273-0705 


25 Adams St., Burlington, MA 01803 
TWX: 710-332-0716 
MICHIGAN 
Farmington Hills 
Advent Electronics, inc. ....... (313) 477-1650 
24713 Crestview Ct. 
Farmington Hills, M! 48018 
NEW JERSEY 
Marlton 
Milgray ........... 0... cece eee (800) 257-7111 
3002 Greentree Executive Campus 
Marlton, NJ 08053 
NEW MEXICO 
Albuquerque 
Alliance Electronics, Inc. ...... (505) 292-3360 
11030 Cochiti S.E., Albuquerque, NM 87123 
TWX: 910-989-1151 


NEW YORK 

Buffalo 
Summit Distributors ........... (716) 887-2800 
916 Main St., Buffalo, NY 14202 
TWX: 710-522-1692 

Freeport 
Milgrayisisieenih eine iar e's (212) 738-3100 
191 Hanse Ave., Freeport, NY 11520 
TWX: 510-225-3673 

Port Chester 
Zeus Components ............ (914) 937-7400 
100 Midland Ave., Port Chester, NY 10573 
TWX: 710-567-1248 


OHIO 
Cleveland 
Milgray ....... cece eee e eee eee (216) 447-1520 
6155 Rockside Rd., Cleveland, OH 44131 
TEXAS 
Dallas 
R.V. Weatherford .............. (214) 931-7333 


4658 Sunbelt Dr., Dallas, TX 75248 
TWX: 910-860-5544 

Dallas 
Zeus Components ............ (214) 783-7010 
1400 Goldmark, Ste. 250, Dallas, TX 75240 
TWX: 910-867-9422 

Houston 
R.V. Weatherford .............. (713) 688-7406 
3500 West T.C. Jester Blvd., Houston, TX 77018 
TWX: 910-881-6222 

WASHINGTON 

Seattle 
R.V. Weatherford .............. (206) 575-1340 
541 Industry Dr., Seattle, WA 98188 
TWX: 910-444-2270 


HUGHES INTERNATIONAL REPRESENTATIVES & DISTRIBUTORS 


FRANCE 
Data DIS eis icine seine salted i aaron, (1) 605 60 00 
10-12 Rue Emile Landrin 
92100 Boulogne, France 
TWX: 201905 


Intl. Semiconductor Corp. (ISC) . (01) 506 42 75 
28, Rue De La Procession 
F-92150 Suresnes, France 
TWX: 614596 
GERMANY 
Astronic GMBH ................. 089/309031 
Winzererstr 47d 
8000 Munchen 40, Germany 
Telex: 5216187 Astrd 


Altantik Elektronik G.M.B.H. ... (089) 857 20 86 
Fraunhoferstr, 11A 
D-8033 Martinsried, Germany 
TWX: 5215111 
ISRAEL 
MLRN Electronics ............... (03) 70 81 74 
15 Kineret St. Bnei Brak, Israel 
TWX: 342107 RNIS IL 


ITALY 
Cetra S.Rib. cece eens (02) 23 52 64 
Via G. Pascoli 60 
20133 Milano, Italy 
TWX: 314543 CEFRA | 

NETHERLANDS 
Koning En Hartman Elek, B.V. ... (070) 210101 
30 Koperwerf, NL — 2544 En, the Hague 
Netherlands 
TWX: 31528 KOHA 

NORWAY 
Henaco A/S .......... cece eee (02) 16 21 10 
Trondheimsveien 436 
Ammerud, OSLO 9, Norway 
TWX: 76716 

SPAIN 
Anatronic, S.A. ..............085 (01) 242 44 55 
Avenida De Valladolid, 27 
Madrid — 8, Spain 
TWX: 47397,” 


2951 


SWEDEN 
Allhabo Elektronic ............065 08-54 07 00 
Alstroemergatan 29, Box 49044 
S-100 28 Stockholm, Sweden 
Telex: 19015 Allhabo S 

SWITZERLAND 
Abele: AG cscdin create pases (01) 730 04 55 
Landstrasse 78, 8116 Wuerenlos, Switzerland 
TWX: 59834 ORBT CH 


ASIA 

HONG KONG 
Tektron Electronics Ltd. ............ 3-856199 
1702 Bank Center, 636 Nathan Road 
Kowloon, Hong Kong 


_ __ Telex: 38513 Tekhl 


INDIA 
KryOnix ....... see eeceeser ee eeeeeeeees 63805 
Kowdiar, Trivandrum-695003, South India 
TWX: 8 84-307 Krx in 


Richardson 
Sundance Sales .............. (214) 699-0451 
1701 North Greenville, Richardson, TX 78071 
Stattord 


Sundance Sales .............. (713) 499-9671 
620 F.M. 1092, Ste. 206., Stafford, TX 77477 
WASHINGTON 
Bellevue 
N.R. Schultz Co. ooo... cee. (206) 454-0300 


300 120th Ave. N.E., Bldg. 4, Ste. 210 
Bellevue, WA 98005 
WISCONSIN 
Milwaukee 
Carlson Electronic Sales Co. .. (414) 476-2790 
10701 West North Ave., Milwaukee, WI 53226 


CANADA 


ONTARIO 
Mississauga 
Vitel Electronics .............. (416) 676-9720 
§945 Airport Rd., Ste. 180 
Mississauga, Ontario L4V 1R9 


CANADA 


ALBERTA 
Calgary 
Future Electronics ............ (403) 259-6408 
5809 MacLeod Trail South, Unit 109 
Calgary, Alberta T2H OU9 
TWX: 610-821-1927 
BRITISH COLUMBIA 
Vancouver 
Future Electronics ............ (604) 438-5545 
3070 Kingsway, Vancouver, B.C. V5R 5J7 
TWX: 610-922-1668 
ONTARIO 
Downsview 
Future Electronics ............ (416) 663-5563 
4800 Dufferin St., Downsview, Ontario M3H 5S8 
TWX; 610-491-1470 
ONTARIO 
Ottawa 
Future Electronics ............ (613) 820-8313 
Baxter Centre, 1050 Baxter Rd. 
Ottawa, Ontario K2C 3P2 
TWX: 610-563-1697 
QUEBEC 
Pointe-Ciaire 
Future Electronics ............ (514) 694-7710 
237 Hymus Blvd. 
Pointe-Claire, Quebec H9R 5C7 
TWX: 610-421-3251 


JAPAN 
Nihon Teksel Co., Ltd. .......... (03) 461-5121 
Kyoshin Bldg. 13-14, Sakuragaoka-Machi 
Shibuya-Ku Tokyo 150, Japan 
TWX: J23723 Teksel 
SINGAPORE 
Taiga Electronics PTE LTD. 
171 Tras Street 
08-177 Union Building 
Singapore 0207 
Telex: Taiga RS22974 
TAIWAN 
Multitech International ......... (02) 769-1225 
977 Min Shen E. Road 
Taipei, 105 Taiwan R.0.C. 
Telex: 23756 Multiic/ 19162 Multiic 


AUSTRALIA 


Computer Components ...... 61 (02) 86 83614 
70A Rawson St., Epping NSW 2121, Australia 
TWX: AA71207 Compco 


NOTES 


NOTES 


NOTES 


NOTES 


NOTES 


Hughes Solid State Products 

500 Superior Avenue 

Newport Beach, CA 92663 
Telephone: (714) 759-2942 

TWX: 910-596-1374/HACSSPD NPBH 


Sales Offices: 


In Europe: Hughes Solid State Products 
Hughes International Service Co. 
Schmaedel Str. 22, 8000 Munich, Germany 
Telephone: 49-89-834.7088 

Telex: 5213856/HSPD 


Hughes Solid State Products 
59 Glover Avenue 

Suite 21 

Norwalk, Connecticut 06850 
Telephone: (203) 846-7780 
Telex: HUGHES AIR NLK 


L J 
HUGHES AIRCRAFT COMPANY 


Printed in U.S.A. 2/84 Supercedes Previous Data 
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